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PREFACE. 


The  preparation  of  a  "Text-Book  of  Mineralogy"  was  undertaken  in 
1868,  by  Prof.  J.  D.  Dana,  immediately  after  the  publication  of  the  fifth 
edition  of  the  System  of  Mineralogy.  The  state  of  his  health,  however, 
early  compelled  him  to  relinquish  the  work,  and  he  was  not  able  subsequently 
to  resume  it.  Finally,  after  the  lapse  of  seven  yeare,  the  editorship  of  the 
volume  was  placed  in  the  hands  of  the  writer,  who  has  endeavored  to  carry 
out  the  original  plan. 

The  work  is  intended  to  meet  the  requirements  of  class  instruction.  With 
this  end  in  view  the  Descriptive  part  has  been  made  subordinate  to  the 
more  important  subjects  embraced  under  Physical  Mineralog}\ 

The  Crystallography  is  presented  after  the  methods  of  Naumann ;  his 
system  being  most  easily  understood  by  the  beginner,  and  most  convenient 
for  giving  a  general  knowledge  of  the  principles  of  the  Science.  For  use 
in  calculations,  however,  it  is  much  less  satisfactory  than  the  method  of 
Miller,  and  a  concise  exposition  of  Miller's  System*  has  accordingly  been 
added  in  tlie  Appendix.  The  chapter  on  the  Physical  Characters  of  Min- 
erals has  been  expanded  to  a  considerable  length,  but  not  more  than  was 
absolutely  necessary  in  order  to  make  clearly  intelligible  the  methods  of 
using  the  principles  in  the  practical  study  of  crystals.  For  a  still  fuller 
discussion  of  these  subjects  reference  may  be  made  to  the  works  of  Schrauf 
and  of  Groth,  and  for  details  in  regard  to  the  optical  characters  of  mineral 
species  to  the  Mineralogy  of  M.  DesCloizeaux. 

The  Descriptive  part  of  the  volume  is  an  abridgment  of  the  System  of 
Mineralogy,  and  to  that  work  the  student  is  referred  for  tlie  history  of  each 
species  and  a  complete  list  of  its  synonyms ;  for  an  enumeration  of  ob- 
served crystalline  planes,  and  their  angles ;  for  all  published  analyses ; 
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The  Third  Kingdom  of  Nature,  the  Inorganic,  embraces  all  species  not 
organized  by  living  growth.  Unlike  a  plant  or  animal,  an  inorganic  ejie- 
cies  is  a  simple  chemical  compound,  possess in|j  unity  of  chemical  and  physi- 
cal nature  tliroughout,  and  alike  in  essential  characters  through  all  diversity 
of  age  or  size. 

The  Science  of  Mineralogy  treats  of  those  inorganic  species  which  occur 
.  ready  formed  in  or  about  the  earth.     It  is  therefore  but  a  fragment  of  the 
Science  of  Inorganic  nature,  and  it  owes  its  separa.te  consideration  simply 
to  convenience. 

The  Inorganic  Compounds  are  formed  by  the  same  forces,  and  on  the  same  principles, 
whether  prcduced  in  the  laboratory  of  the  chemist  or  in  outdoor  nature,  and  are  strictly  no 
more  artificial  in  one  case  than  in  the  other.  Calcium  carbonate  of  the  chemical  laboratory 
is  in  every  cliaracter  the  same  identical  substance  with  calcium  carbonate,  or  calcite,  found 
in  the  rocks,  and  in  each  case  is  evolved  by  nature^s  operations.  There  is  hence  nothing 
whatever  in  the  character  of  mineral  species  that  entitles  them  to  constitute  a  separate 
division  in  the  natural  classification  of  Inorganic  species. 

The  objects  of  Mineralogy  proper  are  three-fold  :  1,  to  present  the  true 
idea  of  each  species  ;  2,  to  exhibit  the  means  and  methods  of  distinguishing 
species,  whicli  object  is  however  partly  accomplished  in  the  former  ;  3,  to 
make  known  the  modes  of  occurrence  and  associations  of  species,  and  their 
geographical  distribution. 

In  presenting  the  science  in  this  Text  Book,  the  following  order  is 
adopted  : 

I.  PuYSicAL  Mi^TERALOGY,  Comprising  that  elementary  discussion  with 
regard  to  the  structure  and  form,  and  the  physical  qualities  essential  to  a 
right  understanding  of  mineral  species,  and  their  distinctions. 

II.  CuEMiOAL  AND  DETERMINATIVE  MiNERALOGY,  presenting  briefly  the 
general  characters  of  species  considered  as  chemical  compounds,  also  giving 
the  special  methods  of  distinguishing  species,  and  tables  constructed  for  this 
purpose.  The  latter  subject  is  preceded  by  a  few  words  on  the  use  of  the 
blow-pipe. 

III.  Descriptive  Mineralogy,  comprising  the  classification  and  descrip- 
tions of  species  and  their  varieties.  Tiie  descriptions  include  the  physical 
aiid  chemical  properties  of  the  most  common  and  important  of  the  minerals, 
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with  some  account  also  of  tlieir  association  and  ^j^eou^rapliical  distrihntinn. 
The  rarer  species,  and  those  of  uncertain  composition,  are  only  very  brielly 
noticed. 

Besides  the  above,  there  is  also  the  department  of  Economic  ^^nerah(Jlf,  which  is  not  liere 
included.  It  treats  of  the  uses  of  minerals,  (1)  as  ores;  (2)  in  jewelry  ;  and  (3)  in  the  coarser 
arts. 

The  following  subjects  connected  with  minerals  properly  pertain  to  Geology  :  1,  Lidmh,- 
gieal  geol^injf,  or  Ltthohyy,  w^hich  treats  of  minerals  as  confttituents  of  rocks.  2,  ('fmnirnl 
geohfjy^  which  considers  in  one  of  its  subdivisions  the  origin  of  minerals,  as  dctermiind,  ///. 
the  liyht  of  chemuttry^  by  the  associations  of  species,  the  alterations  which  specins  are  liable 
to,  or  which  they  are  known  to  have  undergone,  and  the  general  nature,  origin,  and  changi  s 
of  the  earth's  rock  formations.  Under  chemic.il  geology,  the  department  which  coiiHidtis 
especially  the  associations  of  species,  and  the  order  of  succession  in  such  asso<Matioiis,  lius 
received  the  special  name  of  the  paraganeAix  of  minerals  ;  while  the  origin  of  mintir.ils  (.r 
rocks  through  alteration,  is  called  inetaniorphiHin  or  pnendonutrphUin,  the  latter  term  bein<^ 
restricted  to  those  cases  in  which  the  crystalline  form,  and  sometimes  also  the  cleavage,  of 
a  mineral  is  retained  after  the  change. 


For  a  catalogue  of  mineralogical  works,  and  of  periodicals,  and  tranaactions  of  Scientific 
Societies  in  which  mineralogical  memoirs  have  been  and  are  published,  reference  is  ma<le  to 
the  System  of  Mineralogy  (18(58).  pp.  xxxv-xlv.,  and  ApiHjndix  11.  (1874).  The  following 
works,  however,  deserve  to  be  mentioned  as  will  be  found  useful  as  books  of  reference. 

In  Crtstai^loorapiiy  : 

Naunuinn,  Lehrbnch  der  reinen  und  angewandten  Krystallographie.  2  vols.,  8vo, 
Leipzig,  1620. 

Naumann.  Anfangsgriinde  der  Krystallographie.     2d  ed.,  202  pp.,  8vo.     Leipzig.  18,14. 

Naumann.  Elemente  der  theoretischen  Krystallographie.     88;J  pp.,  8vo.     Leipzig,  1850. 

MWr.r.  A  Treatise  on  Crystallography.     Cambridge,  IS:^9. 

GraiUch.  Lchrbuch  der  Krystallographie  von  W.  H.  Miller.     328  pp.,  8vo.     Vienna,  l^oS. 

Kopp.   Einleitung  in  die  Krystallogrnphie.     348  pp.,  8vo.     Braunschweig,  18(>2. 

Voii  lAtng.  Lehrbuch  der  Krystallographie.     3.58  pp.,  8vo.     Vienna,  1800. 

Qurtuitedt.  Grundriss  der  bestimmenden  und  rechncnden  Krystallographie.   Tiibingcn,  1873. 


..x.».#.»»j.   xJ^^u.».%^yx\>l^  uci  IT jiysiKuiiHcuen  iiuneraiogic.      voi.  i. ,  ivrysuui 
8vo.,  18(>();  vol.  ii..  Die  angewandte  Physik  der  Krvstalle.     420  pp.     Vi< 
Oroth.  Phy.sikalische  Krj'stallograpliie.     527  pp.' 8vo.     Leipzig,  187(5. 
Klein.  Einleitung  in  die  Krystallberechnung.     393  pp.,  8vo.     Stuttgart,  1870. 

In  Pin-srcAL  Minkr.\logy  the  works  of  Se.7iraitf{\Hm),  and  OrotJi  (1876),  titles  as  in  the 
above  list.  Reference  is  also  made  to  the  works  on  Physics  mentioned  on  p.  150.  In  addi- 
tion to  these,  on  pp.  Ill,  118,  150,  103,  107  a  few  memoirs  of  especial  importance  on  the 
different  subjects  arc  enumerated. 

In  CiiEMrc.vL  Mineralogy  :  It/tmmehherg,  Handbuch  der  Mineralchemie,  2d  cd.,  Leipzig. 
1875.     In  Determinative  Mineralogy-,  Brmh  (New  York,  1875). 

In  Descriptive  Mineralooy  :  among  recent  works  those  of  Brooke  and  MiUer  (2d  ed.  of 
Phillips'  JVIin.),  London,  1852  ;   QuenHte'lt,  2d  ed.,  Tubingen,  1803  ;   Schrauf,  Atlas  der  Krvs- 
tallformen.   Lief.    I.-IV.,   1871-1873;  Kokschirof,  Materialien  zur  Mineralogie  Russlan'ds. 
vol  i.,  18(i5,  vol.  vi.,  1874 ;  DesCloizaivx,  vol.  i.,  1802,  vol.  ii.,  Paris,  1874;  Dttna,  System  of 
Mmeralogy,  1808,  App.  I. ,  1872,  App.  TL ,  1874 ;  Uhim.  4th  ed. ,  1874  ;  Nau  nann,  9th  ed. ,  1874. 
The  following  publications  are  devoted  particulurly  to  Mineralogy- : 
Jahrbuch  f  i\r  Mineralogie  ;  G.  Leonhartl  and  H.  B.  Geinitz  Editors,  Stuttgart 
Tschermak  Mineralogische  Mittheilungen  ;  G.  Tschermak  Etlitor,  Vienna. 
Mineralogical  Magazine  and  Journal  of  the  Mineralogical  Society  ;  London,  and  Truro, 
Cornwall.     Commenced  1875. 

Zeitechrift  fur  Ki^stallographie  ;  P.  Groth  Editor ;  Leipzig.     Commenced  1870. 


ABBREVIATIONS  EMPLOYED  IN  THE  DESCRIPTION  OF  SPECIES. 


B.B. 

Before  the  Blowpipe  (p.  188). 

Obs. 

Oomp. 

Composition. 

O.F. 

I>iff. 

Differences,  or  distinctive  characters. 

Pyr. 

G. 

Specific  Gravity. 

Q.  Ratio 

Germ. 

German. 

R.F. 

H. 

Hardness. 

Var. 

Observations  on  occurrence,  etc. 
Oxidizing  Flame  (p.  183). 
Pyrognostics. 
Q.  Ratio.  Quantivalent  Ratio  (p.  176). 
Reducing  Flame  (p.  182). 
Varieties. 
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PHYSICAL    MINERALOGY. 


The  grand  departments  of  the  science  here  considered  are  the  following : 
1.  Structure. — Structure  in  Inorganic  nature  is  a  result  of  mathemati- 
cal syrametrj^  in  the  action  of  cohesive  attraction.  The  forms  produced 
are  regular  solids  called  crystals  /  whence  morphology  is,  in  the  inorganic 
kingdom,  called  crystallology.  It  is  the  science  of  structure  in  this  king- 
dom of  nature. 

2.  Physical  properties  of  Minerals,  or  those  depending  on  relations  to 
light,  heat,  electricity,  magnetism  ;  on  differences  as  to  density  or  specific 
gravity,  hardness,  taste,  odor,  etc. 

Crystallology  is  naturally  divided  into,  I.  Crystallography,  which  treats 
of  the  forms  resulting  from  crystallization ;  II.  Crystallogeny,  which  de- 
scribes the  methods  of  making  crystals,  and  discusses  the  theories  of  their 
origin.     Only  the  former  of  these  two  subjects  is  treated  of  in  this  work. 


SECTION  I. 

CRYSTALLOGRAPHY. 

Crystallography  embraces  the  consideration  of — (1)  normally  formed  or 
regular  crystals ;  (2)  twin  or  compound  crystals  ;.  (3)  the  irregularities  of 
crystals  ;  (4)  crystalline  aggregates  ;  and  (5)  pseud omorphous  crystals. 

1.  General  Characters  of  Crystals. 

(1)  Kcternal  form, — Crystals  are  bounded  by  plane  surfaces, 
called  simply  planes  or  faces,  symmetrically  arranged  in  refer- 
ence to  one  or  more  diametral  lines  called  axes.  In  the  an- 
nexed fiffure  the  planes  1  and  the  planes  i  are  symmetrically 
arranged  with  reference  to  the  vertical  axis  c  c  ;  and  also  the 
planes  of  each  kind  with  reference  to  the  three  transverse  axes. 

(2)  Constancy  of  angle  in  thesams  species. — The  crystals  of 
any  species  are  essentially  constant  in  the  angle  of  inclination 
between  like  planes.     The  angle  between  1  and  ?',  in  a  given 
species,  is  always  essentially  the  same,  wherever  the  crystal  is  found, 
whether  a  product  of  nature  or  of  the  laboratory. 


and 
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(3)  Difference  of  angle  of  different  »j}ech«. — The  crvetals  of  different 
epecies  cominonly  differ  in  aiiirles  between  correBpondin^  plaiieii.  The 
angles  of  eryetaU  arc  coiiseqiiGiitly  !i  itieiitis  of  diiitiiiiriiishhig  spevies. 

(4-)  jyive/vifi/  of  phimH. — ^While  in  the  (crystals  of  a  ^iveii  species  there 
is  conRtant'.y  of  anjile  between  like  plane?,  the  forms  of  the  crystals  may  bo 
exceedingly  diverse.     The  aceniupauying  tiguree  are  esaiiiplcs  of  a  few  of 


the  forma  of  the  speciea  zircon.  There  is  hardly  any  limit  to  the  nnmber  of 
forms  which  may  occur  ;  yet  for  each  the  angles  between  like  planes  are 
essentially  constant. 

Ciystals  occur  of  nil  bims,  from  the  merest  microscopic  point  to  a  jard  or  more  in  diame~ 
ter.  A  8iD|:;le  crystnl  of  qaiiTti.  now  at  Milno,  in  three  and  a  quarter  feet  Innff.  and  five  and  a 
half  in  circumferent^e  ;  and  its  veight  ia  estimated  at  eight  hundred  and  seTontf  poouds. 
A  single  cavitj  in  a  vein  of  quarlz  near  the  Tiefen  Glacier,  in  Switzerland,  discovered  in 
IfUl",  hns  afforded  smoky  quartz  crystals  weighing  in  the  aggregate  about  20,000  poiindB  ;  t, 
considerable  nuniljer  of  the  single  crystals  haviUK'  a  weight  of  2(10  to  800  poanda,  or  even 
more.  One  of  the  gigantic  lieryls  frum  Acwortii.  New  Hamp.'hire,  measures  tour  feet  in 
length,  and  two  and  a  half  in  circumference;  and  another,  at  Grnfton,  is  over  four  feet  long, 
and  thirty-two  inches  in  one  of  its  diameten.  and  docs  not  weigh  less  than  two  and  a  halt 
tons.  But  the  highest  perfection  of  form  and  traosparency  are  found  onlj  in  crystals  of 
Hmoll  size. 

In  its  original  signification  the  term  crystal  was  applied  only  to  crystals  of  qnarti  {t.  1), 
which  the  ancient  phitosophers  believed  to  be  aater  congealed  by  intense  cold.  Hence  the 
term,  from  xpiniTaAAiii,  fM. 

(5)  Symmetry  in  the  podtlon-  of  plaTiei. — The  planes  on  the  crystals 
of  any  speciea,  however  numeroiis,  are  arranged  in  accordance  with  certain 
laws  of  symmetry  and  nnmericiil  ratio.  If  one  of  the  simpler  forms  be 
taken  as  a  primary  or  fundamental  fiD-m,  all  other  planes  will  be  secondary 

1)lane8,  or  niodificatione  of  the  fundamental  form.  It  should  be  observed, 
lowever,  that  the  forms  called  primary  and  f  nndamental  in  crystal lographic 
description,  are  in  coneral  merely  bo  by  assumption  and  for  convenience 
of  reference.   (See  also  p.  12.) 

Cleavage. — IJesidea  external  symmetry  of  form,  crystallization  pnKliices 
alst*  regnlarity  of  internal  structure,  and  often  of  fracture.  This  regular- 
ity of  Iracture,  or  tendency  to  hreak  or  cleave  along  certain  planes,  is  called 
cleavaqe.  The  surface  nfforded  by  cleavage  is  often  smootn  and  bi-illiant. 
The  directions  of  cleavage  are  those  of  least  cohesive  force  in  a  crystal  ;  it 
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is  not  to  be  nnderstood  that  the  cleavage  lamellae  are  in  any  sense  present 
before  they  are  made  to  appear  by  fracture. 

In  regard  to  cleavage,  two  principles  may  be  here  stated  : — {a)  In  any 
species,  the  direction  in  which  cleavage  takes  place  is  always  parallel  to 
some  plane  which  either  actually  occura  in  the  crystals  or  ifiat/  exist  there 
in  accordance  with  the  jjeneral  laws  which  will  be  stated  hereafter. 

(J)  Cleavage  is  uniform  as  to  ease  parallel  to  all  like  planes  ;  that  is,  if 
it  may  be  obtained  parallel  to  one  plane  of  a  kind  (as  1,  f.  1),  it  may  be  olv 
tained  with  equal  facility  parallel  to  each  of  the  other  planes  1  ;  and  will 
afford  planes  of  like  lustre.  This  is  in  accordance  with  the  symmetry  of 
crystallization.  It  will  be  evident  from  this  that  the  angles  between  planes 
of  like  cleavage  will  be  constant :  thus,  a  mass  of  calcite  under  the  blow  of 
a  hammer  will  separate  into  countless  rhombohedrons,  each  of  which  affords 
on  measurement  the  angles  74°  55'  and  105°  6\  In  a  shapeless  mass  of 
marble  the  minute  grains  have  the  same  regularity  of  cleavage  structure. 
See  further,  p.  115. 

2.  Descriptions  of  some  of  the  simpler  forj^is  of  Crystals. 

Preliminary  Definitions.  Angles, — In  the  descriptions  of  crystals  three 
kinds  of  angles  may  come  under  consideration,  solid^  plans^  and  i7iter fa- 
cial.   The  last  are  the  inclinations  between  the  faces  or  planes  of  crystals. 

Axes. — The  crystaUogpaphic  axes  are  imaginary  lines  passing  through 
the  centre  of  a  crystal.  They  are  assumed  as  axes  in  order  to  describe,  by 
reference  to  them,  the  relative  positions  of  the  different  planes.  One  of 
the  axes  is  called  the  vertical,  and  the  others  the  lateral ;  the  number  of 
lateral  axes  is  either  two  or  thf*ee.  The  axes  have  essentially  the  same  re- 
lative lengths  in  all  the  crystals  of  a  species ;  but  those  of  different  species 
often  differ  widely 

Diam^etral  planes, — The  planes  in  which  any  two  axes  lie  are  called  the 
axial  or  diametral  planes  or  sections:  they  are  the  coordinate  pla7ies  of  an- 
alytical geometry.  They  divide  the  space  about  the  centre  into  sectants; 
into  eight  sectants,  called  octants,  if  there  are  but  two  lateral  axes,  as  is 
generally  the  case  ;  but  into  twelve  sectants  if  there  are  three,  as  in  hexa- 
gonal crystalline  forms. 

Diagonal  planes  are  either  diagonal  to  the  three  axes,  as  those  through 
the  centre  connecting  diagonally  opposite  solid  angles  of  a  cube,  oi  diag- 
onal to  txoo  axes,  and  passing  through  the  third,  as  those  connecting  diag- 
onally opposite  edges  of  the  cube. 

Simiiar planes  and  edges  are  such  as  are  similar  in  position,  and  of  like 
angles  with  reference  to  the  axes  or  axial  planes.  Moreover,  in  the  case  of 
similar  edges,  the  two  planes  by  whose  intersection  the  edges  are  formed, 
meet  at  the  same  angle  of  inclination.  For  example,  all  the  planes  and 
edges  of  the  tetrahedron  (f.  9),  regular  octahedron  (f.  11),  cube  (f.  14), 
rhombic  dodecahedron  (f.  19),  are  similar.  In  the  rhombohedron  ^f.  16) 
there  are  two  sets  of  similar  edges,  six  being  obtuse  and  six  acute. 

Solid  angle-^  are  siinilar  v^h^n  alike  in  plane  angles  each  for  each,  and' 
when  formed  by  the  meeting  of  planes  of  the  same  Kind. 

A  combination-edge  is  the  edge  formed  by  the  meeting  or  intersection  of 
two  planes. 
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Truncations^  hevelments. — In  a  cr3'8tal,  an  edge  or  anj^le  is  said  to  be  ro- 
placed  when  the  place  of  the  edge  or  angle  is  occupied  by  one  or  more 
planes ;  and  in  the  case  of  the  replacement  of  an  edge,  the  replacing 
planes  make  parallel  intersections  with  the  including  planes,  tliat  is,  with 
the  direction  of  the  replaced  edge  (f.  43). 

A  replacement  of  an  edge  or  angle  is  a  truncation  when  the  replacing 
plane  makes  equal  angles  with  the  including  planes.  Thus,  in  f.  6,  i-i 
truncates  the  ecige  between  /  and  /. 

An  edge  is  said  to  be  bevelled  when  it  is  replaced  by  two  similar  planes, 
that  is,  by  planes  having  like  inclinations  to  the  adjoining  planes.  Thus, 
in  f.  5,  tlie  edge  between  3, 3,  is  bevelled  by  the  two  planes  3-3, 3-3,  tlie  riglit 
3-3  and  3  having  the  same  nnitnal  inclination  as  the  left  3-3  and  3.  So, 
in  f.  192,  p.  43,  tno  edge  between  /  and  /  is  bevdhd  by  the  planes  i-2,  t-2. 
Truncations  and  bevel ments  of  edges  take  place  only  between  similar 
planes.  Thus  /,  /,  and  3,  3,  are  similar  planes  in  fig.  6.  The  edge  \\\  might 
be  truncated  or  bevelled^  for  the  same  reason  ;  but  not  the  edge  between  1 
and  /,  since  1  and  /  arc  dissimilar  planes. 

A  zone  is  a  series  of  planes  in  wliieh  the  combinatwn-edgcs  or  mutual 
intersections  s.re parallel.  Thus,  in  tig.  3, the  planes  1,  3,  /make a  vertical 
zone;  so  in  f.  8,  the  planes  between  1  and  i-i  make  a  zone,  and  this  zone 
actually  continues  above  and  below,  around  the  crystal ;  in  f.  5,  the  planes 
3,  3-3,  3-3,  3  are  in  one  z(me  ;  and  i-i,  /,  i-i,  /,  in  another.  On  the  true 
meaning  of  zones,  see  p.  53. 

The  above  explanations  are  preliminary  to  the  descriptions  of  the  forms 
of  all  crystals. 

A.  —  Forms  containkd  under  foub 

"  FXiUAL    TKIAN(;ULAR     PLANES. A.  JtegVr 

lar  tetrahedron  (f.  H).    Edges  six ;  solid 
angles  four.     Faces   equilateral  trian- 

fles,  and  plane  angles  therefore  CO®, 
nterfacial  angles  70^  31'  44".  Named 
from  rerpaKL^,  four  thnes,  and  SBpa, 
fa<:e 

2.  Sphenoid  (f.  10).  Faces  isosceles  triangles,  not  equilateral.  Plane  and 
interfacial  angles  varying ;  the  latter  of  two  kinds,  (a)  two  terminal,  (5)  four 
lateral.     Xamed  from  a'<f)i]v,  a  wedge, 

B. — Forms  contained  under  EionT  triangular  planes. — The  solids 
here  included  are  called  octahedronfi,  from  oKraKi^;,  eight  times^  and  Upa, 
face.  They  have  twelve  edges ;  and  six  solid  anglcg.  One  of  the  axes, 
when  they  differ  in  length,  is  made  the  vertical  axis ;  and  the  others  are 
the  lateral  axes.  The  solid  angles  at  the  extremities  of  the  vertical  axes  are 
the  vertical  or  terminal  solid  angles ;  the  other  four  are  the  lateral.  The 
four  edges  meeting  in  the  apex  of  the  tenninal  solid  angle  are  the  terminal 
edges  ;  the  others,  the  lateral  or  basal  edges. 

1.  Regular  Octahedron  ii.W),  Peaces  equilateral  triangles.  Interfacial 
angles  109°  28'  16" ;  angle  between  the  planes  over  the  apex  of  a  solid 
angle  70®  31'  44"  ;  angle  between  edges  over  a  solid  angle  90°.  The  three 
axes  are  equal,  and  hence  either  may  be  made  the  vertical.  Lines  connect- 
ing the  centres  of  opposite  faces  are  called  the  octaliedral  or  trigonal  inter- 
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axes  ;  and  tliose  connecting  the  centres  of  opposite  edges  the  dodecaliedrdl 
or  rhombic  interaoces. 

2.  Sqiuire  Octahedron  (f.  12,  f.  12a).  Faces  equal  isosceles  triangles, 
not  eqnilateral.  The  four  terminal  edges  are  equal  and  similar ;  and  so 
also  the  four  lateral. 


12a 


The  lateral  axes  are  equal ;  the  vertical  axis  may  be  longer  or  shorter 
than  the  lateral. 

3.  The  rhoynbic  octahedron  (f.  13)  differs  from  the  square  octahedix)n  in 
having  a  rhombic  base,  and  consequently  the  three  axes  are  unequal.  The 
basal  edges  are  equal  and  similar  ;  but,  owing  to  the  unequal  lengths  of 
the  lateral  axes,  the  terminal  edges  are  of  two  kinds,  two  being  shorter 
and  more  obtuse  than  the  other  two. 

C. — Forms  contained  under  six  equal  planks. — The  forms  here  in- 
cluded have  the  planes  parallelograms  ;  the  edges  are  twelve  in  number 
and  equal ;  the  solid  angles  eight. 

1.  Cube  (f .  14).  Faces  equal  squares,  and  plane  angles  therefore  90°. 
The  twelve  edges  similar  as  well  as  equal ;  the  eight  solid  angles  similar  and 
equal.  Interfacial  angles  90°.  The  three  axes  equal  and  intersecting  at 
ri^t  angles. 

Lines  connecting  the  apices  of  the  solid  angles  are  the  octahedral  or  tri- 
gonal interaxes,  and  those  connectiii^  the  centres  of  opposite  edges  the 
dodecahedral  or  rhombic  interaxes.     If  the  cubic  axis  (=edge  of  the  cube) 

=  1,  then  the  dodecahedral  interaxes  =  \^^  =1.41421 ;  and  the  octahedral 

interaxes  =  4/3  =  1.73205.    And  if  the  dodecahedral  axis  =  1,  then  the 
octahedral  =  1.224745. 
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If  a  cube  is  placed  with  the  apex  of  one  angle  yeitically  over  that  diagonally  opposite,  that 
is,  with  an  octahedral  interaxis  vertical,  the  parts  are  all  symmetrically  arranged  around 
this  vertical  axis.  In  this  position  (f.  15)  the  cube  has  three  planes  inclined  toward  one  apex, 
and  three  toward  the  other  ;  it  has  three  Urmimd  edges  meeting  at  each  apex  ;  and  six  laU- 
rai  edges  sitaated  symmetricaUy,  but  in  a  zigzag,  around  the  vertical  axis.  If  lines  are 
drawn  connecting  the  centres  of  the  opposite  lateral  edges,  and  these  are  taken  as  the  lateral 
axes,  the  lateral  axes,  three  in  number.  wiU  Ue  in  a  plane  at  right  angles  to  the  vertical,  and 
will  intersect  at  the  centre  at  angles  of  60^.  The  cube  placed  in  this  position  would  then  have 
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mad  three  equal  laterml  axes  ;   and  as  the  lateral  axes  correspond  to  the  d«jdeca- 
hedxal  interaxea  of  a  cabe,  the  ratio  of  a  lateral  axia  to  the  Tertical  is  1 :  1.224745. 
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2,  Iih^/rahohedron(f,l^Xo\^).  Faces  equal  rhombs.  The  twelve  edges 
of  two  kind* :  .*ix  otitn^e,  and  six  acute.  Solid  an«rles  of  twt»  kiiids  :  two 
srmrnetricaL  c^'jn.sisting  each  of  tliree  equal  plane  aueles;  the  other  six  un- 
*vmmerrir.-aU  the  plane  angles  enckising  them  l»eing  of  two  kin«ls. 

The  rhomb* »hednjn  rej^embles  a  culje  that  has  been  either  :*h«>rtened,  or 
lenirtheiie^J,  in  the  directi«m  of  one  of  the  octahedral  axes,  the  fi»niier  mak- 
ing an  fM'iJie  rhomlK>hedrrm,  the  latter  an  a*yute;  and  it  is  in  p.isiti<.»n  when 
thU  axi.%  i.-4  vertical,  the  parts  being  situated  symmetrically  al>ijut  this  axis, 
as  in  the  seer^nd  position  of  the  cube  above  descril>ed.  In  an  ohtuj^e  rh«.»m- 
bohedr>n  \i.  !♦>,  17;,  the  terminal  solid  angles  are  lx»unded  by  three  obtibio 
plane  angles,  and  the  other  six,  which  are  the  lateral,  by  two  acute  aiid  one 
obtuse :  the  six  terminal  edges  (three  meeting  at  each  a}>ex>  are  obtuse,  and 
the  .*ix  lateral  edges  are  acute.  Converselv,  in  an  acute  rhoin Inched ron  <f. 
1S»  the  tenninal  angles  are  made  up  of  acute  plane  angles,  and  the  lateral 
of  two  obtuse  and  one  acute ;  the  six  terminal  edges  are  acute,  and  tlie  six 
lateral  obtuse.  Tlie  axes  are  a  vertical,  and  three  lateral ;  the  lateml  axes 
connect  the  centres  of  opposite  lateral  edges  and  intersect  at  angles  of  60^. 
The  cube  in  the  second  position  (f.  15)  corresponds  to  a  rhombohedron 
of  &*->',  or  is  intennediate  lietween  the  obtuse  and  the  acute  series. 

D. — Forms  contained  under  twelve  equal  planes.     1. 

lihontfnc   Doihcahe*lron   (f.  19).     Faces  rhombs,  with  the 

plane  angles  109^  2S'  16",  70°  31'  44".      Edges  twenty-four, 

all  similar;    interfacial  angle  over  each  edge  120\     Solid 

angles  of  two  kinds  :  {a)  six  acute  tetrahedral,  being  formed 

of  four  acute  plane   angles;  and   (J)  eight  obtuse  trihedral, 

being  formed  of  three  obtuse  plane  angles.     Angle  between 

planes  over  apex  of  tetrahedral  solid  a"gl<-N  90° ;  ano:le  between 

edges  over  the  same  109^  28'  16".     The  axes  three*  equal, 

rectangular,  and  therefore  identical  with  those  of  the  regular  octaliedron 

and  i'A\\yQ.     The  dodecahedral  interaxes  connect  the  centres  of  opposite 

faces  ;  and  the  octahedral  the  apices  of  the  trihedral  solid  angles.     Jsamed 

from  Sc^ira,  Vndre^  and  eS/xx,  face. 

2.  Pyramidal  dinlecahedron^  or  Quarizoid.  (Called 
also  Dihexagonal  Pyramid,  Isosceles  Dodecahedron.) 
Faces  is^rsceles  triangles,  and  arranged  in  two  pyranuds 
placed  base  to  base  (L  20).  Edges  of  two  kinds :  twelve 
equal  terminal.^  and  six  equal  hasal;  axes,  a  vertical  differ- 
ing in  length  in  diflFerent  spcnries;  and  three  lateral,  equal, 
situated  in  a  plane  at  right  angles  to  the  vertical,  and  in- 
tersecting one  another  at  angles  of  60"^,  as  in  the  rhombo- 
hedron. 

E. — Prisms. — Prismatic  f  onns  consist  of  at  least  two  sets 
of  planes,  the  basal  planes  l>eing  unlike  the  latei-al.  The  bases  are  always 
equal ;  and  the  lateral  planes  jmrallelograms.  The  vertical  axis  is  unequal 
to  the  lateral,  (a)  Three-aided  vriHm,  A  right  (or  erect)  prism,  having 
its  bases  equal  equilateral  triangles,  (i)  Fours^ided jprisms.  Four  sidea 
prisms  are  cither  right  (erect;,  or  oblique,  the  former  having  the  vertical  axis 
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at  right  angles  to  the  base  or  to  the  plane  of  the  lateral  axes,  aiid  the  lalfcor 


r  Square  or  Tetragonal  Prism  {f.  21,  22).  Base  a  square  ;  latei-al 
planes  equal.  Edges  of  two  kinds  :  (a)  eight  basal,  equal,  each  cdiitained 
between  the  base  and  a  lateral  plane  ;  {b)  four  lateral,  contained  between  the 
equal  lateral  planes.  Iiiterfacial  angles  all  90°,  plane  atigles  90°.  Solid 
angles  eight,  of  one  kind.  Axes  :  a  vertical,  differing  in  length  in  different 
species,  and  longer  or  shorter  than  the  lateral;  two  lateral, equal,  at  right 
angles  to  one  another  and  to  the  vertical,  and  connecting  either  the  centres 
of  opposite  lateral  planes  (f.  21)  or  edges  (f.  22).  The  cube  is  a  square 
prism  with  the  vertical  axis  equal  to  the  lateral. 


/ 

*" 

2.  Right  JlAomhia  Priam  (f.  23).  Base  a  rhomb  ;  lateral  planes  equal 
parallelograms.  Edges  of  t,hi-ee  kinds  :  (a)  eight  basal,  eqnal,  and  rectan- 
gular a&  111  the  preceding  form  ;  (J)  two  lateral,  obtuse;  and  (f)  two  lateral, 
acute.  Solid  ancles  of  two  kinda  ;  {a)  obtuse  at  the  exti-einities  of  the  ob- 
tuse edge,  and  (5)  acute  at  the  extreniitiea  of  the  acute  edge.  Axes  reot- 
angular,  unequal ;  a  vertical ;  a  longer  lateral,  the  m^acrodiagonal  axis 
(named  fi-om  fiaxpo^,  large),  and  a  shorter  lateral,  tlie  brai^hydiagonal  axis 
(named  from  ^payu^,  nhort). 

3.  Sight  liectajigular  Prism  (f.  2-1).  Base  a  rectangle,  and  in  conse- 
quence of  its  unequal  sides,  two  opposite  lateral  planes  of  the  prism  are 
broader  than  the  other  two.  Edges  all  rectangular,  hut  of  three  kinds  : 
(a)  four  longer  basal  ;  {b)  four  shorter  basal  ;  (c)  four  lateral.  Axes  con- 
necting the  centres  of  opposite  faces,  rectangular,  unequal ;  a  vertical,  a 
macrodi agonal,  and  a  brachy diagonal,  being  like  those  of  the  I'ight  rhom- 
bic prism.  In  the  rectangular  prism,  either  of  the  faces  may  be  made  the 
basal,  and  either  axis,  consequently,  the  vertical. 

4.  Oblique  Prisms.  Figs.  25  and  26  represent  prisms  obliqne  in  the 
direction  of  one  axis.  As  seen  in  them,  the  vertical  axis  v  is  oblique  to  the 
lateral  axis  d,  called  the  dinodiagonal  axis  ;  but  b,  the  orthodiagonal  axis, 
is  at  right  angles  to  both  c  and  a.  Similarly,  the  axial  sections  eb,  ha  are 
mutually  oblique  in  their  inclinations,  while  ca,  d>  and  ca,  ha  are  at  right 
angles.  The  dinodiagonal  section  ca  is  called  the  section  or  idane  of  sym- 
metry. 

The  form  in  f,  25  is  sometimes  called  an  oblique  rhombie  prism.  The 
cdgesareof  two  kinds  as  to  length,  but  of  four  kinds  as  to  interfacial  angles 
o\'er  them :  {a)  four  basal  obtuse ;  {b)  four  basal  acute ;  (c)  two  lateral  ob- 
tuse :  (<^)  two  lateral  acute.  The  prism  is  in  position  when  placed  with  the 
dinodiagonal  section  vertical. 

Figs,  27  and  28  show  the  doubly  oblique,  or  oblique  rhoirihuidal  prism, 
iu  which  all  the  axes,  and  heuce  all  the  axial  sections,  are  oblique  to  each 
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other.     All  these  caaee  will  r 
actual  crystalline  forms. 


ive  further  attention  in  the  description  of 


^ 


J 
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The  priBms  (in  f.  21,  24,  2C,  2S)  in  which  tlie  planes  arc  parallel  to  the 
three  diametral  sections,  are  sometimes  called  diametral  prisms.  This 
terra  also  evidently  includes  the  cube.  The  planes  whicli  form  tliese 
diametral  prisms  are  often  called  pinacoida.  The  terniiiial  plane  is  the 
basal  piiiaooid,  or  simply  base ;  also,  in  f.  34  the  plane  {lettered  i-'t)  parallel 
to  the  maci-odi agonal  section  is  called  the  jn«<rcj'>i*««'(>(t/,  and  the  plane  [i-l) 
parallel  to  the  brachy diagonal  the  brac/it/pinacoid.  In  f,  2(1  the  plane  (i-») 
parallel  the  to  orthodia^nal  section  is  called  the  arih'/pinaaiia,  and  the 
plane  (*-t)  parallel  to  the  cliuodiacoual  section  the  eUnapiiiacoid.  The 
v/ord  jnnacoid  ie  from  the  Greek  wivaf,  a  board. 

(c).  Six-sided  Pribu. — The  Ilexagonal  j>rism. 
Base  an  equilateral  hexagon.  Edges  ot  two 
kinds :  {a)  twelve  basal,  equal  and  similar,  (S)  six 
lateral,  equal  and  similar;  interfacial  angle 
over  the  former  90°,  over  the  latter  120°,  Solid 
angles,  twelve,  similar.  Axes:  a  vertical,  of 
different  length  hi  diflei-ent  species;  ttiree  late- 
ral equal,  intersecting  at  angles  of  60°,  as  in  the 
rhorabohedron,  and  the  dihexagoual  pyramid  or 

?uartzotd,  connecting  the  centres  either  of  the  lateral  edges  (f .  29),  or  lateral 
aces  (f .  30), 

3,  Systems  of  Ckystallization. 

The  systems  of  crystallization  are  based  on  the  mathematical  relations  of 
the  forms  ;  the  axes  are  lines  assumed  in  order  to  exhibit  these  relations, 
tliey  mark  the  degree  of  symmetry  which  belongs  to  each  gi-oup  of  forms, 
and  which  is  in  fact  the  fundamental  distinction  between  them.  The  num-  ■ 
ber  of  axes,  as  has  been  stated,  is  either  three  or  four — the  number  being 
four  when  there  are  three  lateral  axes,. as  occurs  only  in  hexagonal  forms. 

Among  the  forms  with  three  axes,  all  possible  conditions  of  the  axes  exist 
both  as  Xa  i-elativc  lengths  and  inclinations ;  that  is,  there  are  (as  has  heei^ 
exemplified  in  the  forms  which  have  been  described),  (A)  amimg  ortho- 
metric  kinds,  or  those  with  rectangular  axial  intersections;  {a)  the  three 
axes  equal ;  (J)  two  equal,  and  the  itther  longer  or  shorter  than  tlie  two ;  (c) 
the  three  unequal ;  and  (B)  among  clinotnefrtc  kinds,  one  or  more  of  the 
intersections  may  be  oblique  (in  all  of  tliese  the  three  axes  are  unequal). 
The  systems  are  then  as  follows ; 

A.  Axes  three ;  ortbonietric, 

1.  IsoMKTKio  System, — Axes  equal.  Examples,  cube,  regular  octahe- 
dron, rhombic  dodecahedron. 
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2.  Tetragonal  System. — Lateral  axes  equal ;  the  vertical  a  varying  axis. 
Ex.,  square  prism,  square  octaliedron. 

3.  Orthoruombic  System. — Axes  unequal.  Ex.,  right  rhombic  prism, 
rectangular  prism,  rhombic  octahedron. 

B.  Axes  three  ;  clinometric. 

1.  MoNocuNic  System. — Axes  unequal ;  one  of  the  axial  intersections 
oblique,  the  other  two  rectangular.     Ex.,  the  oblique  prisms  (f.  25,  26). 

2.  Triclinio  System. — Axes  unequal ;  three  of  the  axial  intersections  ob- 
lique.    Ex.,  oblique  rhomboidal  prism  (f.  27, 28). 

C.  Axes  four. — Hexagonal  System. — Three  lateral  axes  equal,  intersect- 
ing at  angles  of  60°.  The  vertical  axis  of  variable  length.  Example, 
hexagonal  prisms  (f .  29,  30). 

The  BO-caUed  Diclinio  system  (two  oblique  axes)  is  not  known  to  occur,  for  the  single  sub- 
stance, an  artificial  salt,  supposed  to  crystallize  in  this  system  has  been  shown  by  von  Zepha- 
rovich  to  be  triclinic.  Moreover,  von  Lang,  Quenstedt,  and  others  have  shown  mathemati- 
cally that  there  can  be  only  six  distinct  systems. 

The  six  systems  may  also  be  arranged  in  the  following  groups : 

1.  IsometriG  (from  ?<709,  eqical^  ana  jxirpovy  measure),  the  axes  being  all 
equal;  including:  I.  Isometric  System. 

2.  hodiaraeti^ic,  the  lateral  axes  or  diametere  being  equal ;  including : 
II.  Tetragonal  System  ;  III.  IIfxagonal  System. 

3.  Anisoiaetric  (from  aviao^^  uneq^ml,  etc.),  the  axes  being  uneqiial ;  in- 
cluding: IV.  Orthorhombio  System;  V.  Monoclinic  System  ;  Vl.  Tri- 
clinio System. 

A  further  study  of  these  different  systems  will  show  that  in  group  1 
the  crystals  are  formed  or  developed  alike  in  all  three  axial  directions ;   in 

f:roup  2  the  development  is  alike  in  the  several  lateral  directions,  but  un- 
ike  vertically ;  and  in  group  3  the  crystals  are  formed  unlike  in  all  three 
directions.  These  distinctions  are  of  the  highest  importance  in  relation  to 
the  physical  characters  of  minerals,  especially  their  optical  properties,  and 
are  often  referred  to  beyond. 

The  numbers  (in  Roman  numerals)  here  connected  with  the  names  of  the  system  are  often 
used  in  place  of  the  names  in  the  course  of  this  Treatise. 
The  systems  of  crj'stallization  have  been  variously  named  by  different  authors,  as  follows  : 

1.  Isometric.  Tettmilar  of  Mohs  and  Haidinger  ;  Isometric  of  Hausmann  ;  T'oaeral  of  Nau- 
mann ;  ReyuJUtr  of  Weiss  and  Rose ;  Cubic  of  Dufrenoy,  Miller,  Des  Cloizeaux ;  Monometric  of 
the  earlier  editions  of  Dana^s  System  of  Mineralogy. 

2.  Tetragonal.  Pyramidal  of  Mohs;  Viergliedriege,  or  Zwei-und-dnaxige,  of  Weiss; 
Tetragonal  of  Naumann  ;  Manodbnetric  of  Hausmann  ;  (Quadratic  of  von  KobeU  ;  Dimetric  of 
early  editions  of  Dana's  System. 

8.  Hex  AGON  Ai..  RhomboJiedral  of  Mohs ;  Sechsgliedrige,  or  Drei-und-eimmge  of  Weiss; 
Hexagonal  of  Naumann  •  Monotrimetric  of  Hausmann. 

4.  Orthorhombio.  Pri&matie,  or  Orthotype^  of  Mohs;  Mn-und-einaxige  of  Weiss; 
Rfiombic  and  Anittainetric  of  Naumann ;  I'rimetrio  and  Orthorhonibic  of  Hausmann;  l^rimct- 
ric  of  earlier  editions  of  Dana^s  System. 

5.  MoNociiTNic.  Heiniprismatic  and  Hemiorthotype  of  Mohs;  Zwei-vndeingUederige  of 
Weiss:  Monoclinoh^dral  of  Naumann  ;  Clinor/iombic  of  v.  Kobell,  Hausmann,  Des  Cloizeaux ; 
Avgitic  of  Haidinger ;   OhUque  of  Miller;   Monoeffmmetric  of  Groth 

0.  Triclinic.  I'etartopriamatic  of  Mohs  ;  Ein-und-eingUederigc  of  Weiss ;  TridUnoh^ral 
of  Naumann ;  Ctinorlmmboidal  of  v.  !^obell ;  Anorthic  of  Haidinger  and  Miller  ;  AnortMCy  at 
Doubly  Oblique  J  of  Des  Cloizeaux ;  AsymmetriCf  of  Groth.  ^ 
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4.  Laws  with  befekekce  to  the  planes  of  Ckystals. 

The  laws  with  reference  to  the  positions  of  the  planes  of  crystals  are  two: 
first,  the  law  of  mnpU  mathematical  ratio;  secondly,  M<^  law  of  symmetry. 

1.  The  Law  of  sdcfle  IfAXHEMATiCAL  Ratio. 

The  crystallographic  axes  afford  the  means,  after  the  methods  of  analyti- 
cal geometry,  of  expressing  with  precision  the  relative  positions  of  the 
planes  of  crystals,  and  so  exhibiting  the  mathematical  ratios  pertaining  to 
crj'stallization.  These  axes,  as  has  been  stated,  are  supposed  to  pass  through 
the  centre  of  the  crystal,  and  every  plane  must  intersect  one,  two,  or  three 
of  them.     The  position  of  a  plane  is  obviously  determined  by  the  position 

of  the  jx)ints  in  which  it  meets  these  axes. 
Thus  the  plane  AB  C,  f.  31,  meets  the 
three  axes  at  the  points  A,  B,  and  C,  and 
its  position  is  determined  by  the  dis- 
tances O  A,  O  B,  O  C,  intercepted  be- 
tween these  points  and  the  centre  O. 
Similarly  the  plane  A  B  D  meets  the 
axes  in  the  (xiints  A,  B,  and  D,  and  its 
position  is  determined  by  the  distances 
O  A,  O  B,  O  D ;  and  in  the  same  manner 
with  any  other  plane.  On  the  crystals 
of  a  given  species  the  occurring  planes 
have  exact  numerical  relations  to  each 
other,  and  it  is  to  show  these  relations 
that  certain  lengths  of  the  axes  are 
assumed  as  units.  Thus,  in  the  case 
already  given  if  O  C,  O  B,  O  A,  or  more 
brieflv  c,  J,  a,  are  the  lengths  of  the 
axes^  (strictly  speaking  semi-axes)  for  a 
given  species,  then  the  position  of  the 
first  plane  is  expressed  by  \c\\b:\a\  that  of  the  second  by  2c  \  lb  ',1a 
(if  01)=20C),  and  still  another  plane  might  be  2c:2b\  la,  and  so  on. 
Consequently  the  general  position  of  any  plane  may  be  expressed  by 
mciTiO  :  ra,\  or  mc»re  simply  mc\nb:  a,  as  every  plane  is  for  simplicity 
supposed  to  meet  one  of  the  axes  at  the  unit  distance.  In  the  first  case 
mentioned  above,  m  =1  and  n  =  1 ;  but  in  general  rii  and  n  may  vary  in 
value  from  zero  to  infinity.  The  law  of  simple  mathematical  ratio,  how- 
ever, requii-es  that  m  and  n,  which  express  the  ratios  in  the  lengths  of  the 
axes,  should  be  invariably  rational  numbers,  and  in  general  they  are  either 
whole  numbers  or  simple  fra<Jtions. 

This  principle  may  be  stated  as  follows  : 

The  position  of  the  planes  in  a  given  crystal  is  related  in  some  simple 

ratio  to  the  relative  lengths  of  tlie  axes, 

*  The  vertical  axis  is  throughout  called  c,  see  p.  53. 

f  It  ifl  more  usual  and  analytically  more  correct,  to  write  this  expression  Ta\nb\  me ; 
but  as  the  usual  symbols  take  the  form  m-n,  the  ordfer  of  the  terms  used  here  and  elsewhere 
ii  more  oonvenient. 
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ThiB  subject  will  become  clear  iii  the  subsequent  study  of  tlie  diSereut 
crystalline  forms;  in  paKsiiig,  however,  reference  may  be  made 
to  f.  32  (zircon)   as  a  single  example.     The  planes  lettered  1  33 

and  3  have  i-eapectively  the  positions,  Ic  :  \b  :  la, and  3o:ll>: la,  ^ 
and  in  the  second  case  the  vertical  axis  has  exactly  three  times  /^^ 
the  length  of  that  of  the  former ;  any  such  multiples  as  2.93  or  (TfTl 
3,07  are  crystallographically  Jinpiissible.  It  is  this  principle  I  |  J 
which  makes  crystallography  an  exact  mathematical  science.  ^M' 
Some  apparent  exceptions,  such  as  occasionally  occur,  do  not  at  ^O^ 
all  set  aside  this  rule. 

The  expression  mc:  nb'.  a\i  called  the  symbol  of  a  plane,  as  it  expresses 
its  exact  mathematical  position,  and  the  values  of  ia  and  n  are  called  its 
parameters.  If  a  plane  intereects  two  of  the  axes,  bnt  not  tlie  third,  it 
is  parallel  to  it,  and  mathematically  it  is  said  to  cut  it  at  hiiiuity  («)  ; 
hence  the  general  expression  for  a  plane  parallel  to  tlie  vertical  axis  c  (as  in 
f.  33)  will  be  =0  6' :  w  :  a,  or  xc  :  /> :  ?ui,  according  as  a  or  i  is  taken  as 
the  unit ;  for  a  pkne  parallel  to  the  lateral  axis  f>  (as  in  f.  Si),  it  will  be 
jnc  :  aob  :  a  ;  if  parallel  to  the  lateral  axis  a  (as  in f.  35),  vie  i  b  :  rjoa. 

If  aplaue  is  parallel  to  two  axes,  b  anda,  that  is,  intercepts  these  axes  at 
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an  infinite  distance,  its  position  is  expressed  by  »; :  00  J  :  00  a,  as  is  i 
trated  by  f.  36 ;  again,  its  position  is  expressed  by  ckc  :b  :  00  a,  if  parallel 
to  e  and  a ;  and  by  oo  c  :  co  i  :  a,  if  pai-allel  to  c,  b.  These  may  also  be 
written  Oe:b;  a,  etc. 

The  following  important  principle  87 

ehould  be  kept  111  mind.  The  relative 
not  the  absolute  position  of  any  plane 
has  to  be  regarded,  and  hence  all 
planes  parallel  to  each  other  are 
crystallographically  identical.  A 
plane  on  the  angle  of  the  cube  is  the 
Fame,  if  the  mutual  inclinations  re- 
main unchanged,  whether  large  or 
email,  for,  though  the  actual  distances 
cut  off  on  the  axes  may  differ  in  each 
case,  the  ratios  of  these  axes  are  iden- 
tical. Again,inf.  37,  the  tJiree  planes, 
ic  :  ib  :  2(1,  and  2c  :  2b  i  a.  and  c  : 
b  :  ia  are  identical,  for  the  ratios 
of  the  three  axes  are  the  same 
throughout,  the  planes  being  of  course 
parallel.    Similarly  the  symbol  lc:^:^a  may    be   written    3c :  J :  a, 
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and  tf  :  00  J :  GO  a  is  the  Bame  a8  Oc  :  b  :  a.  It  will  be  seen  that  this  prin- 
ciple makes  it  riglit  to  regard  every  plane  as  meeting  one  of  the  axes  at 
the  unit  distance  from  the  centre,  wliich,  as  before  stated,  reduces  the 
general  expression  of  any  plane  mc  \nb\ra  to  the  simpler  form  mc :  nh  :  a^ 
or  inc  :  h  :  na. 

The  principle,  which  has  just  been  stated,  also  makes  it  evident  that  when 
the  axes  are  all  equal,  they  are  not  necessarily  considered  in  naming  the 
position  of  any  plane ;  when  the  lateral  axes  alone  are  equal,  a  certain 
length  of  the  vertical  axis  must  be  assumed  for  each  species  ;  and  when  all 
the  axes  are  unequal,  certain  lengths  for  two  of  the  axes,  expressed  in 
terms  of  the  third  axis,  must  in  every  case  be  adoi>ted. 

llence  the  fundamental  form  of  any  species  may  be  ix»garded  as  that 
octahedron  wliosc  axes  correspond  in  rclativ(5  lengths  with  the  axes  t*,  //,  a 
adopted  for  the  6j>ecics.  The  faces  of  this  octahedron  intersect  the  axes  at 
distances  from  the  centre  equal  to  7ic?,  nh^  na  (or  v  \  b  \  a)  respectivelv,  and, 
since  the  ratio  of  the  coefficients  which  expresses  the  position  ot  these 
planes  is  1:1:1,  this  form  is  also  called  the  unit  octahedron.  J^ut  the 
form  is  not  necessarily  fundamental ;  for  it  is  frequently  more  or  less  arbi- 
trarily assumed,  and  the  structure  or  genesis  of  the  crystals  of  a  species  may 
point  to  other  forms,  having  very  cRflferent  axial  relations,  as  will  ai)pear 
from  facts  stated  beyond. 

Models. — For  clear  illuBtration  of  the  axes  and  axial  ratios  of  planes  it  is  well  to  have 
models  of  the  axes  made  of  rods  of  wood  mortised  and  glued  together  at  the  crossing  at  centre. 
The  rods  may  be  half  an  inch  in  diameter  and  10  or  12  inches  long ;  for  the  Isometric  s^-stem, 
three  equal  rods,  say  12  inches  long  ;  for  the  Tetragonal  system,  two  of  12  inches  for  the 
lateral  axes  and  one  of  8  or  14  inches  for  the  Tertical ;  for  the  Orthorhombic,  one  of  16  inches 
for  axis  b^  one  of  10  inches  for  axis  c,  and  one  of  14  inches  for  axis  a.  (Either  axis  may  be 
made  the  vertical  by  way  of  change.) 

For  the  Clinometric  systems,  make  a  second  model  like  that  for  the  Orthorhombic  system, 
but  with  the  rods  but  loosely  mortised  and  tied  together,  so  as  to  admit  of  a  little  movonienl 
at  centre.  Then,  the  model  when  in  its  more  natural  position  will  be  that  of  the  orthorhom- 
bic system,  the  intersections  being  all  rectangular.  But  by  pushing  the  front  r»»d  a  down  in 
the  plane  of  <vi,  making  it  thus  oblique  to  c  while  at  right  angles  to  b^  the  model  will  repre- 
sent the  monoclinic  axes  ;  if  all  the  interst^stions  of  the  rods  are  oblique,  the  model  will 
represent  the  axes  of  the  Triclinic  system. 

Now  by  taking  a  large  piece  of  thick  pasteboard,  and  placing  it  in  different  positions  with 
reference  to  the  three  axes,  the  relations  to  the  various  planes  may  be  readily  iliustrated . 

Models  of  the  various  forms  of  crystals  are  also  of  the  highest  importance  ;  and  the  best 
for  general  illustration  are  those  made  of  plute  glass,  some  of  them  having  the  positions  of 
the  axes  within  indicated  by  threads,  and  others  consisting  of  one  form  inside  of  another  to 
show  their  mutual  reliitiona  Sucli  glass  models  (first  made  by  Professor  Dana,  in  1h:J5, 
and  recommended  in  the  first  edition  of  his  Mineralogy)  are  now  manufactured  of  great  i»er- 
fection  at  Siegen,  in  Gennany. 

Pasteboard  models,  like\%'ise  useful  aids  to  the  study  of  crystallography,  are  easily  made 
from  the  outUnes  of  the  faces  of  the  various  forms,  which  have  been  prepared  by  various 
authors. 

Models  cut  in  hard  wood  representing  the  actual  forms  of  the  various  mineral  species  are 
very  valuable,  when  accurately  made.  Th(;y  not  only  show  the  relations  of  different  planes, 
but  may  also  be  advantageously  used  to  give  the  student  practice  in  the  mathematical  cal- 
culations of  the  axes  and  parameters,  the  angles  being  measured  by  him  as  on  an  actual 
crystal.  Such  models  have  the  advantage  of  being  of  convenient  size,  and  s^'uiraetrically 
formed,  which  are  conditions  not  often  realized  in  the  crystals  furnished  by  nature.' 

2.  Law  op  Symmetry, 
The  symmetry  of  crystals  is  based  upon  the  law  that  either  : 
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Z  AU  parts  of  a  crystal  similar  in  position  with  reference  to  the  axes 
are  similar  in  planes  or  inodljication^  or 

//.  Each  half  of  the  simihzr parts  of  a  crystal^  alternate  or  symmetric 
col  in  position  or  relation  to  the  other  half  may  be  alone  shnilar  in  its 
planes  or  viodijications. 

The  forms  resulting  according  to  the  fii^st  method  are  termed  holohe- 
dral  forms,  from  o\.o9,  aU^  eSpa,  face  ;  and  those  according  to  the  second, 
hemihedral,  from  ^/xto-u?,  half 

According  to  the  law  of  full  or  holohedral  symmetry,  each  sectant  in  one 
of  the  rectangular  systems  {a)  should  have  the  same  planes  both  as  to  num- 
ber and  kind  ;  and  {/))  whatever  the  kinds,  in  each  sectant  there  should  be 
as  many  of  each  kind  as  ai-e  geometrically  possible.  But  in  hemihedrismy 
either  {a)  planes  oi  a  kind  occur  only  in  half  of  the  sectants ;  or  else  {b) 
half  the  full  number  occur  in  all  the  sectants. 

In  the  isometric  system,  for  example,  if  one  solid  angle  of  a  cube  has 
upon  it  a  plaite  equally  inclined  to  the  diametral  sections,  so  will  each  of  the 
other  angles  (or  sectants)  (f.  39-42). 

If  one  of  the  twelve  edges  of  the  cube  has  a  plane  equally  inclined  to  the 
enclosing  cubic  faces  (or  diametral  planes)  the  others  will  have  the  same 
(f.43-4G). 

Again,  one  of  the  solid  angles  of  a  cube  being  replaced  by  six  planes,  as 
in  f.  70,  this  law  requires  that  the  same  six  planes  should  appear  on  all  the 
other  solid  angles. 

But  under  the  law  of  hemihedrism  these  planes  may  occur  on  half  the 
solid  angles  of  the  cube,  and  not  on  the  other  half,  as  in  f .  87,  or  half  the 
full  number  of  planes  may  occur  on  all  the  angles,  as  in  f.  101.  This  subject 
is  further  elucidated  in  the  discussion  of  the  hemihedral  forms  belonging 
to  each  system  of  crystallization. 

HEMraEDRisM  is  of  various  kinds : 

1.  Holoinorphic^  in  which  the  occuring  planes  pertain  equally  to  both 
the  upper  and  lower  (or  opposite)  ranges  of  sectants,  as  in  all  ordinary  hemi- 
hedral forms. 

2.  Hemimorphic^  in  which  the  planes  pertain  to  either  the  upper  or  the 
lower  range,  and  not  to  both,  and  hence  the  planes  are  only  half  enough  of 
the  kind  to  enclose  a  space,  whence  the  term  hemimorphic^  from  -^fiiav^y 
half  and  fjL6p<f>rf,form, 

The  holomorphic  forms  may  be  either : 

A.  Hemiholohedral,  half  the  sectants  having  the  full  number  of  planes, 
or 

B.  Hblohemihedral,  all  the  sectants  having  half  the  whole  number  of 
planes. 

Again,  as  to  the  relative  positions  of  the  sectants  containing  the  planes, 
the  forms  may  be : 

a.  VerticaCly-directj  in  which  the  sectants  of  the  upper  and  of  the  lower 
ranges  are  alternate,  but  the  upper  not  alternate  with  reference  to  the  lower, 
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and,  accordingly,  each  plane  above  is  in  the  same  vertical  zone  with  a  like 
plane  below  ;  as  in  forms  described  on  pp.  34,  35. 

b.  VerticaUij-alternaU^  in  which  the  sectants  of  the  upper  and  lower 
ranges  are  alternate^  and  also  the  upper  <itr(?  alternate  with  reference  to  the 
lower,  and,  accordingly,  each  plane  al)ove  is  nyt  in  the  same  vertical  zone 
with  alike  plane  below;  as  in  the tetmhedron  (f.  9),  rhombohedn^n  (f.  10), 
and  gvroidal  fonns  (f.  182). 

c.  y'ertv'.alhj-ohlique^  in  which  the  sectants  of  the  npper  and  lower  ranges 
are  a/lja/tent^  but  the  n[>per  are  situated  diagonally  with  reference  to  the 
lower,  bein^  on  the  opjx^site  side  of  a  transverse  diametral  or  diagonal 
plane  ;  as  m  hemihedrons  of  monoclinic  habit  under  the  orthorhombic 
system  fp.  45). 

Tetartohedrism. — Mathematically  the  rhombohedron  is  a  hemihedron  un- 
der the  hexagonal  system,  consequently  the  fonns  that  are  hemihedral  to  the 
rhoml Killed ron  are  tetartohedronjn^  or  quarter-foriiiB.     See  p.  39. 

Tetartohedral  forms,  or  those  with  one-fourth  of  the  normal  number  of 
planes,  have  also  been  observed  in  the  Isometric  system.  The  term  mero- 
nedrisrn,  from  ^tepo?,  part,  and  eSpa,  yace,  has  been  used  in  place  of  hemi- 
hedrism,  t^j  include  bom  this  and  tetartohedrism. 


I.— ISOMETRIC  SYSTEM. 

A.  Iloloh^dral  Forms. 

In  the  Isometric  system  the  axes  are  equal,  so  that  either  one  may  be  the 
vertical  axis,  and  each  may  be  called  a.  It  has  already  been  shown  that  the 
general  expression  for  any  j)lane  meeting  the  axes  c^h,a  is  inc  :  7}h  :  a ;  and 
m  this  system  it  will  be  ma  :  na  :  a,  or,  since  the  axes  are  equal,  simply 
m  :  71 :  1.  Now  it  has  been  shown  also  that  according  as  a  plane  intersects 
the  several  axes  at  different  points,  or  is  parallel  to  one  or  more  of  them, 
this  fact  is  indicated  by  the  values  given  tor  in  and  n  in  each  case  (p.  11). 
Heiute  exj)ressions  for  all  the  form^  geometrically  possible  in  this  system 
will  be  obtained  if  to  7n  and  w,  in  the  general  exi)ression  mu  :  na  :  a,  succes- 
sive values  are  given.  These  values  may  be  in  this  system,  0, 1,  a  number 
greater  than  1,  or  oo .     In  this  way  are  derived  : — 

1.  m  :  71 :  1     [r/i-w]      when  m  and  n  have  both  different  values  greater 

than  unity. 

2.  m:  m\l     [m-m]    when  m  >  1,  n  =  m. 

3.  m  :   1  :  1       [m]      when  m  >  1,  ?i  =  1. 

4.  1:1:1        [IJ       when  7n  and  7i  =  1. 
6.     00  :  71 :  1      [i-Ti]      when  7n  =  co  ^  n  >  1. 

6.  00  :  1  :  1        [{]       when  7?i  =  oo ,  n  =  1. 

7.  00  :  00  :  1       [ZT]     when  rn  and  ti  =  oo . 

In  lettering  the  planes  of  the  several  forms  only  the  essential  part  of  the  symbol  is  nsed:  the 
cube  is  //  (hexahedron) ;  the  octahedron  1(=1  :  1  :  1; ;  the  dodecahedron  »  (x  :  1  :  1),  ( i 
stfuids  for  infinity) ;  m  is  nBed  for  the  planes  m  :  1 :  1  ;  m-m  f or  m  :  m  :  1 ;  i-n  for  oo  :  n  :  1 ; 
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m-n  foi  m  :  n  ;  1.  The<a  STmbola  ore  the  same  as  tboae  of  Nantnaan,  eieept  Qiat  he  wrote 
cc  instead  of  t  tor  in&nitj,  and  incroduced  also  the  letter  0  (ootobedron)  on  the  sign  of  the 
BjBtem  :  CO  0  =0  of  hia  ByBtein=^;  0=1  ;  oo  0=i  ;  m  0=m  ;  m  0  m  =  m-m,  oo  0  n=i-n, 
and  D)  O  H=m-n. 

Each  of  these  expressions,  appearing  at  first  sight  possibly  a  little 
obfUiure,  may  be  traii^ated  into  siuiiile  langnage. 

Cube. — Tlie  cube  witli  the  symbol  ^o  :  oo  :  1,  is  composed  of  planes  each 
one  of  which  is  parallel  to  two  of  the  axes,  and  meets  the  third  at  its  unit 
point  (see  f-  36).  It  is  evident  that  tliere  are  six  such  planes,  one  at  each 
extremity  of  the  three  axes,  and  the  figure  or  crystal  wliicli  is  enclosed  by 
these  six  planes  lias  already  been  descnlied  (p.  5)  as  the  cvhe  (f.  3S). 

O'}taheili'on, — The  symbol  1:1:1  comprises  all  those  planes  which  meet 
the  three  axes  at  the  same  distance,  that  is,  cut  off  the  unit  length  of  each. 
It  is  evident  that  there  must  be  eight  such  planes,  one  in  each  octant,  and 
they  together  form  the  regular  octahedron  (f,  42),  which  has  already  been 
described,  p.  4. 

Dodecahedron. — The  symbol  oo  :  1 :  1  inelndes  those  planes  which  inter- 
cept two  of  the  axes  at  the  same  unit  distance,  and  are  pamllel  to  the 
third.  There  can  be  twelve  planes  answering  to  these  conditiuns,  and  they 
form  together  the  dodecahedron  (f .  45,  see  also  p.  6), 

These  three  forms,  the  cube,  octahedron,  and  dodecahedron,  are  those 
most  commonly  occnrring  in  this  system,  and  it  is  important  that  their  rela- 
tion slionid  bethoronghlv  understwxl.  The  transitions  between  these  forms, 
as  they  modify  one  anotfier.  are  exhibited  in  the  following  figures  : 


— 

^ 

i 

^■-•1- 

J 

« 

f?^ 

• 
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Figs.  3S  and  42  represent  the  cube  and  octahedron,  and  39,  40,  41,  the 
intermediate  forms.  Slicing  ofE  from  the  eight  angles  of  a  cube  piece  after 
piece,  sncJi  that  the  planes  made  are  equally  inclined  to  If,  or  the  cubic  fac-cs, 
the  cube  is  finally  converted  into  the  regular  octahedron  ;  and  the  last 
disappearing  point  of  each  face  of  the  cube  is  the  apex  of  each  solid  angle 
of  the  oirtahedron.  The  axes  of  the  foi-mer,  therefore,  of  necessity  connect 
the  apices  of  the  solid  angles  of  the  latter. 

The  form  in  f.  40  is  <ailled  a  cvho-octahedron.     ff  Al=125''  15'  52". 

If  the  twelve  edges  of  the  cube  are  truncated  (for  all  will  be  truncated  if 
one  is)  it  affords  the  form  in  f.  43 ;  then  that  of  f.  44 ;  then  the  dodecahe- 
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dron,  f.  45 ;  the  ftxea  of  the  cube  becoming,  in  the  Iraiisitinn,  the  axes  oon- 
iiecting  tlie  tetrahedra!  solid  aiides  of  the  (^dGca)icdron  ;  7/  A  i  =  135°,  If 
the  twelve  edijes  of  the  octaheai-on  (f.  42)  are  truncHtcd,  the  form  in  f.  47 
resiiltB  ;  and  by  continuing  the  replacement,  finallv  the  dode<-ahedron  a^in 
is  formed  (f.  4'5).  I  A  i  =  144°  44'  8".  The  last  point  of  the  face  of  the 
oc^tahedTOn,  as  it  diBapiwars,  is  the  apex  of  the  trihedral  solid  angle  of  the 
dodecjiliedron. 

TlicBG  forms  are  thus  rantnally  derivable.  The  process  may  be  reversed, 
the  cube  being  derivable  from  the  d(>de<yihcdron  by  the  truncation  of  the 
tetrahedi-al  solid  angles  of  the  latter  (compare  in  succceaiou  f.  45,  44,  43, 
aS)  ;  and  the  octahedron  by  the  truncation  of  the  trihedral  Kilid  angles 
(compare  f.  45,  47,  43).  These  remarks  are  important  as  showing  the  rela- 
tions between  these  forme,  though  it  is  of  cournc  not  intended  toT>e  nnder- 
Btood  that  they  are  in  any  sense  derived  from  each  other  in  this  manner  in 
nature. 

The  three  axes  (or  cubic  axes)  connect  the  centres  of  opposite  facea  in  th* 
cibe  ;  the  apices  of  opjxwite  solid  angles  in  the  octaliedron;  the  apices 
of  opposite  tctrahedral  solid  angles  in  the  d<Klecahedi'nn. 

The  eight  triijonaJ.  or  octahedral  intcra\es  connect  the  centres  of  opposite 
faces  in  the  octahedron  ;  the  apices  of  opposite  solid  angles  in  the  cube  ; 
the  apices  of  op^tosite  trihedmf  solid  angles  in  the  dodecahedron. 

The  twelve  rJi/>mhic  or  dodecaftednd  interascs  connect  the  centres  of  ajh- 
ponite/aces  in  the  doilecakedron  ;  the  centres  of  opposite  edges  both  in  tfic 
cube  and  the  octahedron. 

In  a  vertical  section,  containing  each  of  these  kinds  of  axes,  the  octahe- 
dral interaxisintereects  one  of  the  three  cubic  axes  at  the  angles  54°  44'  8" 
and  X'lh"  15'   52",   and  one  of  the 
dodccahedral  iutcraxca,  at  the   an-  *8 

gles  35°  15'  52"  and  144°  44'  8". 

There  remain  four  other  holobe- 
dral  fi)riiis  betonmng  to  the  syetem 
as  contained  in  tlic  list  on  page  14. 

Trisoftnhe'fronH.  —  The  symbol 
Tw  :  1  :  1  is  of  that  solid  each  of 
whose  planes  meets  two  of  the  axes 
at  the  unit  distance,  and  the  thii-d 
axis  at  some  distance  which  is  a 
multiple  of  this  unit  length.  Tt  will 
l)e  evident,  as  in  f.  4N,  that  there 
are  three  such  planes  in  each  of  the 
eight  sectaiits,  and  hence  the  total 
number  of  iilanes  by  which  the  solid 
\*.  bounded  is  twenty-four.  The 
resulting;  solid  is  called  a  triffonal 
trisocfa/iet/ron,  and  one,  having 
»i=f,  is  shown  in  f.  49. 


It  wiU  be  found  a  very  Tftlaoble  pmotice  for  the  rtnaent  to  conetmct  the  flmres  of  the 
Buoo«sMTe  otyrtftUioe  fonru  in  this  wat;  laying  off  the  proper  lengths  of  the  eeveral  ue»  and 
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noting  the  points  where  the  different  planes  intersect.     Farther  remarks  on  the  drawing  of 
crystalB  will  be  found  in  the  Appendix. 

49 

Tlie  symbol  m  :  m  :  1  belongs  to  all  the  planes  which 
meet  one  axis  at  the  unit  distance,  and  the  others  at  equal 
distances  which  are  multiples  of  the  former.  As  seen  in  the 
preceding  case,  there  will  be  three  such  planes  in  each  of 
the  eight  sectants,  and  the  total  number  consequently  will 
be  twenty-four.  The  solid  is  seen  in  f.  50,  and  is  called  a 
tetragonal  trisoctahedron^  or  a  trapezohedron. 

Both  these  fonns  are  called  trisoctahedrons,  f rom  rph^  three  tiines^  and 
octahedron,  because  in  each  a  three-sided  pyramid  occupies 
the  position  of  the  planes  of  the  regular  octahedron.  They 
are  closely  related  to  each  other ;  starting  with  the  form 
m  :  1  :  1,  if  m  is  diminished  till  it  equals  unity,  then  the 
symbol  becomes  1:1:1,  that  is,  it  has  passed  into  the  octa- 
hedron. If  fn  becomes  less  than  unity,  the  symbol  may  be, 
for  example,  ^  :  1  :  1,  which  is  identical,  as  has  been  ex- 
plained (p.  11)  with  1  :  2  :  2  (2-2),  and  this  is  the  symbol  of 
the  second  trisoctahedron.  This  explains  why,  in  the  first  list  comprising 
all  the  possible  forms,  m  was  in  no  case  made  less  than  unity. 

Trigorud'trisoctahedron, — In  this  form  the  solid  angles  are  of  two 
kinds  :  the  trigonal  or  octahedral,  and  the  octagona|  or  cubic.  The  edges  are 
thirty-six  in  number,  twenty-four  of  one  kind,  forming  the  octahedral  or 
trihedral  solid  angles,  and  tsvelve  edges  meeting  at  the  extremities  of  the 
cubic  axes.     Each  of  the  twenty-four  planes  is  an  isosceles^riangle. 
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In  combination  with  the  cube,  the  form  2  appeare  as  a  replacement  of 
each  of  the  solid  angles  by  three  planes  equally  inclined  on  the  edges  ;  tliis 
is  seen  in  f.  52.  With  the  octahedron,  it  appears  as  a  bevclment  of  its 
twelve  edges,  as  shown  in  f.  53.  It  also  replaces  the  eight  trigonal  solid 
angles  of  a  dodecahedron  by  three  planes  inclining  on  the  faces.  The  more 
commonly  occurring  examples  of  this  form  are  2  (=2  :  1  :  1),  also  f  (=f 
:  1  :  1),  and  3  (3  :  1  :  1). 

The  Tetragonal-trisoctahedron  or tr2L\>ezoheAvox\^\\2i9i\hvQQ  kinds  of  solid 
angles  :  six  cubic,  whose  truncations  are  cubic  faces  (f.  56) ;  eight  octahe- 
dral, whose  truncations  are  octahedral  faces  (f.  50) ;  twelve  dodecahedral, 
truncated  by  the  dodecahedral  planes  (f.  60).  It  has  forty-eight,  edges ; 
twenty-four  of  one  kind,  those  of  the  trihedral  oi*  octahedral  solid  angles, 
and  the  remaining  twenty-four,  also  of  one  kind,  meeting  in  the  cubic  solid 
angles.     Each  of  the  twenty-four  faces  is  a  quadrilateral. 

In  combination  with  the  cube  it  is  seen  in  f.  55,  56,  appearing  as  a  re- 
placement of  each  of  the  solid  angles  by  three  planes  equally  inclined  on 
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the  faces  of  the  cnhc.  Fifrfi'.  56,  57,  58,  59,  CO,  62,  also  show  it  in  com- 
bination with  tlie  cK!tahe(h-on  and  dcxlecahedron.  The  most  conunonly 
occurring  of  this  series  is  '2-2  (=ti  :  2  :  1),  f.  54r ;  Jts  seen  in  f.  59,  it  truncates 
the  twenty-four  edges  of  tlie  dodecahedron.     On  the  other  hand  the  form 
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f-|  would  replace  the  trihedral  solid  angles  by  planes  inclined  on  the  edges, 
while  3-3  replaces  (f.  62),  the  tetrahedral  solid  angles  of  the  dodecahedron, 
by  planes  also  inclined  on  the  edges. 

Tct7\ih€^\ihe(iro7\. — The  symbol  oo  :  n  :  1  {i-n)  belongs  to  all  the  planes 
which  are  parallel  to  one  axis,  meet  a  second  at  the  unit  distance,  and  the 
third  at  some  multiple  of  that.  There  are  twinty-four  planes  which  satisfy 
these  conditions,  and  they  form  the  tetrahexahMron  ;  f .  64, 65,  represent  two 
varieties  of  tetrahcxahedrons.  It  will  be  seen  that  the  planes  are  so 
arranged  that  a  square  pyramid  correspouils  to  each  of  the  six  faces  of  the 
cube  ;  and  hence  the  name  from  r^roaKi^^  four  thn^j  e^,  six^  and  eSpa, 
face,  it  being  a  4x0-faced  solid.  Tlie  tetrahexahedron  has  six  tetrahe- 
dral solid  angles  and  eight  hexahedral  or  octahedral  solid  angles.  There  are 
twenty-four  edges  of  one  kind  forming  the  former  solid  angles,  and  twelve 
edges  occupying  the  jwsition  of  the  cubic  edges.  Each  of  the  twenty-four 
faces  is  an  isosceles  triangle.  In  combination  with  the  cube  it  produces  a 
bevelraent  of  its  twelve  edges,  as  represented  in  f .  64. 
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The  tetrahexahedron,  in  f.  65,  lettered  i-2,  has  the  symbol  oo :  2  :  1 ;  and 
that  of  f.  C}(j,  lettered  /-3,  qo  :  3  :  1.  Some  of  the  other  occurring  kinds  are 
those  with  the  ratios,  2  :  3,  3  :  4,  4  :  5,  etc.,  etc. 

The  relation  of  the  tetrahexahedron  to  the  octahedron  is  shown  in  f.  67. 
By  comparing  this  figure  with  f.  42,  it  is  seen  that  the  planes  i-2  replace 
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the  solid  aneles  of  tbe  octahedron  by  planes  inclined  on  its  edges.  Its  rela- 
tion to  the  dodecahedron  is  presented  in  f.  68,  which  is  a  aodecahedi-on 
(planes  *  being  the  dodecahedral  planes,  see  f.  45)  with  the  tetrahedral  solid 
angles  replaced  by  fonr  planes  inclined  each  on  an  i. 

The  tetrahexfthedron  is  called  a  fiiioroid,  by  Ilaidinger,  the  form  being 
common  in  fluorite.  It  is  the  Tetrakiahexakedron  \ot  Pyrainidenwiirfel) 
of  Nanmann. 

In  ac(«)rdance  with  considerations  already  presented  it  is  evident  that  n, 
in  the  syrobol  i-n,  may  always  be  written  as  a  whole  number,  for  the  symbol 
oo :  ^  :  1  is  identical  with  oo  :  1  :  2.  Moreover  it  is  seen  that  when  w  is  «> , 
the  form  passes  into  the  cube  (od  :  oo  :  1),  and  as  n  diminishes  and  becomes 
nnity,  it  passes  into  the  dodecahedron  (oo :  1  :  1). 

HexoGtahedron. — The  general  form  m  :  n  inclndes  the  largest  nnmber 
of  similar  planes  geometrically  possible  in  this  system.  This  symbol 
reqnires  six  planes  in  each  octant,  as  will  be  seen  by  a  metliod  of  con- 
strnctiou  similar  to  that  in  f.  48,  and  consequently  the  whole  solid  has 
forty-eight  planes.  It  is  hence  called  a  hexakisoctabedron  (e^cucKt,  six 
times,  Skto>,  eight,  and  IBpa,  face,  i.e.,  a  G  x  8-faced  solid)  or  liexoctahedron. 
The  form  is  shown  in  f.  09,  where  it  will  be  seen  that  there  are  thrced^ffer- 
ent  kinds  of  edges,  and  three  kinds  of  solid  angles;  each  of  tlie  forty- 
eight  planes  is  a  scalene  triangle. 

when  modifying  the  cube  it  appears  as  six  planes  replacing  each  of  the 

solid  angles,  f.  70.     It  replaces  the  eight  angles  of  the  octahedron,  and  the 

69  70 


form  3-4  bevels  the  twenty-fonr  edges  of  the  dodecahedron  (f.  71),  Other 
hexoctahedrons,  differing  in  their  angles,  may  replace  the  six  acute  solid  an- 
gles of  the  dodecabcdi-on  by  eight  planes,  or  the  eight  obtuse  by  six  planes. 
The  hexoctahcdron  of  f.  69,  70,  71  is  that  whose  planes  have  the  axial 
ratio  3  : 1 : 1.  Others  have  the  ratio  4  :  2  : 1,  2  :  +  :  1  (=6  :  4  :  3),  5  :  4  : ' 
(=15  :  5  ;  3),  7  :  }  :  1  (=21  :  7  :  ""      ' 
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The  preceding  figurefi  show  (l<Klocuhe<lwiis  variously  modified.  In 
f.  72,  /,  or '/,  are  faces  uf  the  dodecahedn>n ;  7/<»f  the  cnl»e  ;  1  of  the  octa- 
hedron ;  i-3  of  a  tetrahexahedrou  (f.  60) ;  2-2  of  the  tnipezohedron  of  f.  54, 
59 ;  8-f  of  the  hexoctahedron  of  f.  GO,  70.  In  f.  73,  «,  <>,  and  1  are  as  iii 
f.  72 ;  3-3  is  the  trapezohedron  of  f.  61, 62 ;  and  5-|  (either  side  of  3-3)  a 
liexoctahedron. 

The  liexoctahedrcm  is  called  the  a/htvianfoid  by  Ilaidinger,  in  alhision 
to  its  bein<^a  c^)nnnon  form  of  crystals  of  diamond.  It  is  the  hexakisocta 
liedron  oi  Xauniann. 

B.  Ilemxhedral  Forms. 

Of  the  kinds  of  hemihedral  forms  mentioned  on  page  13,  tlie  hcmiho 
Uihidraly  in  which  only  half  of  the  sectants  are  represented  in  the  form, 
produces  what  are  called  inclined  lumihedrons  ;  and  the  Iwlohemihedral^  in 
which  all  the  sectants  are  represented  by  half  the  full  number  of  planes, 
jHiralhl  hemihcdronH,     In  the  former  the  sectants  to  which  the  occurring 

f>lanes  belong  are  diagi»nally  opposite  to  tlK>se  without  the  same  planes ;  and 
lence  no  plane  has  another  opposite  and  panillel  to  it;  on  the  contrary, 
(»pj)osite  planes  are  oblique  to  one  another,  and  hence  the  name  of  inclined 
hemihedrons  applied  to  them.  They  are  also  called  tctrahedral  forms,  the 
tetrahedron  being  the  simplest  f(»nn  of  the  number,  an<l  its  habit  character- 
istic of  them  all ;  while  the  latter  are  called  pyritohedmh  l)ecause  observed 
in  the  6i.>ecies  jpijrite.  The  complete  symbols  of  the  inclined  henn'hedrons 
are  written  in  the  general  form  \{in  :  n  :  1),  of  the  parallel  hemihedrons 
in  the  form  \  \rii :  7i :  1]  ;  also  written  K{in  :  n  :  1)  and  ir{iii :  n  :  1)  re- 
spectively. 

a.  Inclined  or  TetraJiedral  Hemihedrons.  1.  Tetrahedron^  or  neini- 
octahedron. — ^(1  :  1  :  1). 

As  has  been  shown,  the  form  1(1  :  1  :  1)  embraces  eight  planes,  and  when 
holohedrully  developed  it  produces  the  octahedron  ;  in  accordance,  how- 
ever, with  the  law  of  hemihedrism,  At/Z/*  of  the  eight  possible  planes  may 


74 


75 


76 


76a 


1 1 


rs 


i9 


80 


4— r 


I  ir 


u 


occur  in  alternate  octants;  thus  in  two  opposite  sectants  above,  and  the 
two  diagonally  opix)8ite  below,  as  shown  by  the  shaded  planes  in  f.  74.     If 
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these  four  shaded  planes  are  suppressed,  while  the  other  four  of  the  octa- 
hedron are  extended,  the  resulting  form  is  the  regular  tetrahedron,  f.  76. 
The  relation  of  the  octahedron  and  tetrahedron  may  be  better  understood 
from  f.  75.  If,  as  just  remarked,  the  planes  shaded  in  f.  74  are  suppressed, 
while  the  othei*s  are  extended,  it  will  be  seen  in  f.  75  tiiat  the  two  latter 
paii-8  intersect  in  edges  parallel  respectively  to  the  basal  edges  of  the 
octahedron,  and  the  complete  tetraliodron  is  the  result.  The  axes,  it  is  im- 
portant to  observe,  connect  the  middle  points  of  the  opposite  edges. 

Further  than  this,  since  either  set  of  four  planes  may  go  to  form  the  solid, 
two  tetrahedrons  are  evidently  possible,  and  they  may  be  distinguished 
by  calling  the  firet,  f.  76,  positive,  and  the  second  negative,  f.  76a. 
These  terms  are  of  coui-se  only  relative.  The  plus  and  the  minus  tetrahe- 
drons may  occur  in  combination,  as  in  f.  79  ;  and  though  there  are  here  pre- 
sent the  eight  planes  which  in  holohedral  ft)rms  make  the  octahedron,  and 
though  they  should  happen  to  be  equally  developed  so  as  to  give  the  same 
shape,  the  crystal  would  still  be  pronounced  tetrahedral,  since  the  planes 
1  and  —1  are  physically  different.  An  example  of  this  occurs  in  crystals 
of  boracite,  where  the  planes  of  one  tetrahedron  are  polished  while  those  of 
the  other  are  without  lustre. 

The  plane  angles  of  the  tetrahedron  are  60^,  and  the  interfacial  angles 
70°  31'  44". 

The  combinations  of  the  cube  and  tetrahedron  are  shown  in  f .  77  and  78, 
and  the  dodecahedron  and  tetrahedron  in  f .  80.  As  the  octahedron  results 
geometrically  from  slicing  off  successively  the  solid  angles  of  the  cube,  by 
planes  of  equal  inclination  on  the  cubic  faces,  so  also  the  tetrahedron  may 
be  made  mechanically  by  slicing  off  similarly  AoZ/'tliese  solid  angles. 

81  83  83  84 


Hemi-trisoctahedrons^  \{m  :  m  :  l)and  ^{m  :  1  :  1).  In  the  same  manner 
as  with  the  tetrahedron,  the  form  7/i-m,  when  hemihedral,  may  have  half  its 
twenty-four  planes  present,  viz.,  those  in  the  two  opposite  sectants  above 
and  the  alternate  sectants  below.  When  these  twelve  planes  are  extended, 
the  others  being  suppressed,  they  form  the  solid  I'epresented  in  f.  81 ;  the 
symbol  properly  being  ^(  m-m)^  or  here  i(2-2).  The  faces,  as  will  be  ob 
served,  are  tri(/o?ml,  and  the  solid  is  sometimes  called  a  cuproid.  There  is 
the  same  distinction  to  be  made  here  between  the  plus  and  the  minus  forms 
as  with  the  tetrahedrons.  Figs.  82,  83,  84  show  combinations  of  -f-^(//i-7/i) 
with  the  plus  tetrahedron,  the  dcxlecahedron,  and  the  tetrahexahedron. 

Similarly  the  form  /«,  when  hemihedral,  according  to  the  same  principle 
results  in  the  solid,  f.  85.  It  is  called  the  deltoh^drov  by  Ilaidinger ;  it  has 
trapezoidal  faces.  In  f.  86,  4-i(f)  is  shown  in  combination  with  -}-^(2-2). 
Ilere  also  the  distinction  between  tiie  plus  and  minus  forms  is  to  be  made  in 
the  same  manner  as  that  already  explained. 
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Inclined  or  tetrahedral  Seml-hej^ciahidron  ^m  -.n-.W  The  form  m-n 
when  developed  accurdiiig  to  the  law  of  iiielUied  hemihedri^ni,  that  is, 
when  of  its  lortv-eight  faces,  half  are  present,  viz.,  alt  iu  half  the  whole 


Duniher  of  setrtants,  pHKlucesthe  solid  Eeeii  in  f.  ST.     There  is  here  also  a 

fhu  w.liil.  anil  a  minus  solid,  oiirrespi>ndiiiij  tu  the  -r  and  —  tctndiedroii. 
n  f.  sS  it  la  in  o  mil  li  nation  with  the  plus  tc>ti-alK.'dn>n. 
If  the  i^aine  inetlKKl  of  inclined  heinilicdrism  lie  applied  to  the  reniaiii- 
ilij;  solids  of  this  riVriteui,  the  eiihe,  dodecahedron,  aird  tctrahexahedn.n,  that 
is,  if  in  each  case  the  i)arts  in  two  opp<i»ite  seetants  ttlwve,  and  the  two  diag- 
onally opposite  Ecctants  l>elow,  he  eo"<-eivL'd  to  be  extended,  the  other  half 
beingsiippresried.  itwillhc  seeii  that  the  solid  rcprx-Jnces  iioelf;  the  hemi- 
bedral  fonn  of  the  cnbe  is  tlie  cnhe,  and  so  of  the  otliei-s. 

The  following  ligares  i-epresent  some  other  combinations  of  these  forms. 


Sphalerite. 


SphoIecitB. 


TetnihedritM. 


In  f.  S9,  the  cnproid  3-3  is  combined  with  the  faces  Xof  a  dodecahedron. 
The  fiirm  iiZ  resembles  closely  that  of  f.  Si,  bnt  in  its  combination  with 
the  d'j<lueahcdron  it  does  not  trnncate  an  edge  of  the  diHlecahedron,  like  2-3 
in  f,  83.  Fig.  89a  contains  the  same  planes  (:oml>inei.l  with  the  jihta  tetrar 
hedron,  hexa^^onal  planes  1,  the  minus  tetrahedron,  triangular  planes  1,  and 
the  facesof  the  cube//.  The  i>resence  of  the  plane  y/facilitati.'s  the  coiii- 
]mri«(iii  of  the  fcjrni  with  f.  55,  56,  57,  p.  IS,  the  plane  3-o  havini;  the  same 
position  essentially  with  2-2.  ¥\^.  UU  has  as  its  most  pnmiinent  planes  those 
of  I.HV,  but  the  jNisition  given  it  is  relatively  to  f.  81  tliat  of  the«(i;iu« 
heniihcdron  ;  and  there  are  also  the  small  planes  2-2  aljout  the  angles, 
which  are  those  of  the  mimis  hemihcdron.  //,  are  planes  of  the  cube ; 
1,  those  of  the  tetrahedron;  i,  those  of  the  dodecahedi-on  ;  i-Z  those  of  a 
tetralicxahcflron  (//.  i,  i-Z  all  holohedml) ;  and  |  the  plaues  of  a  doltohe- 
drou  similar  to  f,  05,  and  occurring  with  2-2  in  f.  66. 
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h.  Parallel  or  pyritohedral  hemihedrona, — According  to  tlie  second  law 
of  hemihedrism,  naif  the  whole  number  of  phines  of  any  fonn  may  be  pre- 
sent in  all  the  sectants.  In  the  resulting  solids  each  plane  has  another  par- 
allel to  it.  This  method  of  hemihedrism  obviously  produces  distinct  forms 
only  in  those  cases  where  there  is  an  even  number  of  planes  in  each  octant. 

Pentagonal  Dodecahedron^  or  IIemi4etrahexaIiedron^  ^(x  :  n  :  1).  If 
of  the  twenty-four  planes  of  the  form  i-n  (go  :  ti  :  1),  only  half  are  present ; 
viz.,  one  of  each  pair  in  the  manner  indicated  by  shading  in  f.  91,  these 
being  extended  while  the  others  are  suppressed,  the  solids  in  f.  92  and  f.  93 
result.  The  parallelism  of  each  pair  of  opposite  planes  will  be  seen  in  these 
figures.  These  two  possible  forms,  seen  in  the  figures,  are  distinguished  by 
calling  one  plus  (arbitrarilyJ,  +  ^[2-2],  and  the  other  minus,— ^[^-2].  These 
solids  are  very  common  in  tlie  species  pyrite,  and  are  hence  called  py^ritohe- 
dro)is ;  they  are  also  called  pentagonal  dodecahedrons,  in  allusion  to  their 
pentagonal  faces.  The  regular  dodecahedron  of  geometry  belongs  to  this 
class,  but  is  an  impossible  form  in  nature,  since  for  it  n  must  have  an  irra- 
tional value,  viz.,    — 1^ — ,  see  p. 


2 


10. 


In  combination  with  the  cube  the  form  4- ^[^-2]  is  seen  in  f.  94  and  f.  95, 
and  iiyiT  96,  97,  with  the  octahedron,  and  in  f.  98,  with  the  cube  and  octa- 
hedr< 
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Parallel   hemi-hexoctahedron,  ^[m  :  ti  :  1].     When   of  the  forty-eight 
planes  of  the  form  m-n,  only  half  are  present,  viz.,  the  three    alternate 
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100 


101 


103 


E lanes  in  each  octant  as  indicated  by   the  shading  in  f.  99,  the  solid  in 
,  100  results.     This  solid  is  called  a  diploid  by  Uaidinger.     It  is  also  called 
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a  dyakis-dodecahedron.     In  f .  101  it  is  shown  in  combination  with  the  cube, 
and  inf.  102  with  the  octahedron. 

Figs.  103,  104,  105,  of  the  species  jnrite,  re])resent  various  combina- 
tions of  parallel  hemihedrons  with  the  cubic  and  other  faces.  In  f.  103 
there  are  planes  of  twohenii-tetrahexahedrons  (pentagonal  d( ►decahedrons) 
i-2,  i-| ;  and  of  two  diploids  4-2,  8-|,  along  witli  phmes  of  the  octahedix^n, 
1,  and  (►f  tlie  tnipezohedron  2-2.  In  f.  104  the  dominant  fonn  is  the  dode- 
cahedron, /;  it  has  the  faces  of  the  cube,  1I\  of  the  octahedron,  1 ;  of  the 


103 


104 


105 


Pyrite. 


Pyrite. 


Pyrite. 


trapezohedron,  2-2 ;  and  of  the  parallel  hemihedrons,  t-2  and  4-2.  Fig. 
105  represents  a  map  of  one  angle  of  a  cube,  showing  at  centre  the  r>ctahe- 
dral  face  1,  and  around  it  the  faces  of  the  cube  7/,  of  the  ti-apezohe'dmn 
2-2,  the  trigonal  trisoctahedron  2,  and  the  parallel  hemihedi-ons,  i-2,  2- f, 
3-f .  The  axial  ratio  for  2-|  is  2  :  ^  :  1  (or  6:4:  2j,  and  for  3-J,  3  :  |  :  1 
(or  6:3:2). 

Prominent  distinctive  characters, — The  student,  in  order  to  facilitate  his 
study  of  Isometric  forms  in  nature,  should  be  thoroughly  familiar  with  the 
following  points,  from  the  study  of  models  or  natural  crystals ;  (1)  The 
isometric  character  of  the  symmetry,  the  planes  being  alike  in  grouping  in 
the  direction  of  the  three  axes.  (2)  The  forms  of  the  faces  and  solid  an- 
gles of  the  octahedron,  the  dodecahedron,  the  trapezohedron  2-2,  the  pen- 
tagonal dodecahedron  i-2.  (3)  The  fact  that  the  following  are  connnon  an- 
gles in  the  8y6tem~135°  (=nAi);  109°  28'  (angle  of  octahedron),  70°  32' 
(angle  hi  octahedron  and  tetrahedron) ;  120°  (angle  of  dodecahedron);  125° 
16'(=^llAl);  144°44'(=IlA2-2=lAi);  153"  26'(=IlAi-2);  161°  34' (=11 
Ai-3).  A  list  of  the  angles  belonging  to  the  various  forms  of  this  system  is 
given  on  p.  67.  (4)  Cleavage  may  be  cahic^  octahedral^  or  dodeccbliedral  * 
and  sometimes  two  of  these  kinds,  and  occasionally  the  three,  occur  in  the 
same  species,  but  always  with  great  differen(?e  of  facility  between  them, 
(ialenite  is  an  example  of  easy  cubic  cleavage ;  fluorite  of  easy  octahedral ; 
sphalerite  (blende)  of  easy  dodccahedral. 

PlaneM  of  symmetry, — The  seven  kinds  of  solids  described  on  pp.  15  to  19, 
include  all  the  holohedral  forms  possible  in  this  system,  as  is  evident  from 
their  geometrical  development.  In  them  exists  the  highest  degree  of  sym- 
metry possible  in  any  geometrical  solids. 

In  the  cu])e,  as  has  already  been  stated,  all  planes,  solid  angles,  atid  edges 
are  equal  and  similar.  The  three  diametral  planes,  i)assing  each  through 
two  of  the  axes,  are  the  chief  planes  of  symmetry,  every  part  of  the  crystal 
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on  one  side  of  the  plane  having  its  equal  and  symmetrical  part  on  the  oppo- 
site side.  Further  than  this,  each  of  the  six  planes  passing  through  the 
diagonal  edges  of  the  cube,  and  consequently  parallel  to  the  dodecahedral 
l)lane8,  are  also  planes  of  symmetry.  There  are  hence  in  this  system  nine 
planes  of  symmetry. 


1. 

mc  :  na  :  a 

[in-n] 

2 

{  c :a  :  a 

[1] 

\mo:  a:a 

7;i] 

3. 

c:  coa  :  a 
mc  :  ooa  :  a 

ii-i) 

[fn-i 

4. 

coc :  7ia:  a 

i-n 

5. 

ooc  :  a:  a 

Wi 

6. 

oo c  :  Qoa  :  a 

x-i] 

IL— TETRAGONAL    SYSTEM. 

In  the  Tetragonal  System,  there  are  three  rectangular  axes ;  but  while 
the  two  lateral  axes  are  equal,  the  remaining  vertical  axis  is  either  longer  or 
shorter  than  they  are ;  there  are  consequently  to  be  considered  the  lateral 
axes  {a)  and  the  vertical  axis  (c). 

The  general  geometrical  exj^ression  for  the  planes  of  crystals  becomes  for 
this  system  tug  \na\  a^  and,  if  this  be  developed  in  the  same  way  as  the  cor- 
responding expression  in  the  Isometric  system,  all  the  forms*  geometrically 
possible  are  derived. 

when  7/1  >  1,  n  >  1. 
when  7>z=l,  7i=l. 
when  TW-^l,  71=1. 
when  7Ai=l,  71=00 . 
when  7/1^1, 71=00 . 
when  771=00 ,  7i  >1. 
when  771=00 ,  7i=l. 
when  771=00 ,  72.= 00 . 
Y    j  (c  :  00  a  :  00  a)  \0\     when  77i=0, 7i=l. 
(  or  Oc  :  a  :  a. 

In  lettering  the  planes  the  abridged  symbols  are  used;  here,  as  before,  »=ao ,  and  the  unit 
term  is  omitt^  as  unnecessary,  ttic  :  oo  a  :  a—tn-i^  etc.  These  are  the  same  as  the  symbols 
of  Naumann,  except  that  he  wrote  oo ,  and  added  P  as  the  sign  of  the  systems  which  are  not 
isometric;  0P=O;  ao/^=t-»;  ooP=/;  <x>Pn=:i-n\  mP*  =w-t ;  wP=w  ;  P— 1;  and 
TOP»=m-«. 

A.  Holohedval  Forms. 

Basal  plane, — There  are  two  similar  planes  corresponding  to  the  svm- 
bol  c  :  00  a  :  00  rj^  (or  Oo  :  0^ :  a),  parallel  to  both  the  lateral  axes ;  eacli  is 
called  the  basal  plane.  They  do  not  inclose  a  space,  and  consequently  they 
can  occur  only  in  combination  with  other  planes. 

Prisms. — The  planes  having  the  symbol  oo  c  :  oo  a  :  a  are  parallel  to  the 
vertical  and  one  of  the  lateral  axes.  There  are  four  such  planes,  one  at 
each  extremity  of  the  two  lateral  axes,  and,  in  combination  with  the  plane 
Oj  they  form  the  square  prism,  which  has  been  called  the  diam^etral  prism, 
seen  in  f.  106. 

For  the  symbol  oo  t?  :  a  :  a,  the  planes  are  parallel  to  the  vertical  axis, 

*  The  word  farm  has  been  freely  used  in  the  preceding  pages ;  from  this  point  on,  how- 
ever, it  needs  to  be  more  exactly  defined.  In  a  crystallographic  sense  it  includes  all  the 
planes  geometrically  possible,  neyer  less  than  two,  which  have  the  same  general  symbol 
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and  meet  the  othen  at  equal  •li^^taii'.-e:.     Ti;ere 

caee,  four  eiich   planer.     They  fonn.  in   f<-i:ili::i: 

that  Bi{uaTe    iiriain    which  if  sec-n  Ui  f.  1"7,  ai;J 

priiiin.     iiolh  the  priitioo  i-/ ami  /  are  alike  ia  ti.cir-ie^Kw  ct  ijiaiuetir. 

Each  hafi  fuur  Minilar  vertical  eiJ^ts,  and  ei^h:  ?:iii!Iur  L-asal  e<l:ft«  unlike 

tliu  vertical.     There  are  alsu  in  each  case  ei^ht  sluiiiar  sulid  ai.glc£. 


is  in  il:e  preceding 
witii  tt^  plaue  f/, 
■  I^  i.-^~.li^  the   unit 


108 


101 


106 


ia» 


ii  IH 


The  fonni-n  t-r.  c  :  ti'i'.ai  is  am-thcr  ]T!?in,  Ijiit  in  thi'each  piano  meets 
one  of  the  lateral  a.\e=  at  tlie  unit  di.stahte.  and  the  Mihi-r  at  j"ine  multiple 
of  its  unit  dirtanee.  As  U  evident  in  tl.e  a.-.-Mnipanyiuir  hi.rizuLtal  soetion 
(f.  WZ),  this  jreueral  syriib«l  rwjuire*  *<";;/</  eiuiilar  plane*,  twi.  in  eat-h 
(juadrant,  and  the  comjilete  f'.irm  is  rh<:iwn  in  f.  I'Jd.  The  si.\tccn  )>a£al 
edges  are  all  similar;  thevertit-al  edjp.'*  are  of  twi>  kind.*,  ft.nr  axial  X,  and 
four  diag<^inal  Y  (f. VAi).  The  reyilae  i>cta;r<inal  pymmid  with eii;hi Mmilar 
vertical  edges,  eai:h  angle  being  \Zh'\  'm,  crysuUi^raphically  iiiipueeible. 


Tlie  |)lanf^  /  truncate  the  ed^-s  of  the  diametral  ]>risni  i-i.  as  in  f.  lOS. 
BitriilMrly  the  j'laneii  i-i  truncate  the  veilitail  edges  of  7.  The  j)rism  i-«  l>e- 
ve!«  the  ed;f<;K  of  i-i,  as  in  f.  110,  where  i-u  =  i-i. 

The  rijlalion  of  the  two  ^^juare  prisms,  /-/  and  /,  may  be  further  illne- 
trate<)  hy  the  lig>f.  Ill  and  11^.  In  f,  112  the  pcctions  uf  the  two  prisms 
are  chown  with'  the  dotte<l  lines  for  the  axes,  and  in  f.  Ill  there  are  the 
two  fonnnwtmplete,  the  one  <I )  within  the  other ( *-*).  The  unit  prism  I'm 
w^metimirn  ealled  the  jiri^m  of  the  Jirtst  Mfi<^,  and  the  prism  i-i  tliat  of  the 
atfyfTi/l  iieri':1. 

O'.-ta/te'lronti  or  Pyrrt»<  i'/*.— The  forms  m-t  and  m  both  pive  rise  to 
iwpiaru  'x:taliedrons,  eorrei-poiiding  to  the  two  kinds  of  square  prisms.  In 
t/i-i  the  planeH  are  jiaralle!  to  one  lateral  axis  and  meet  the  vertical  axis 
at  variahln  dir-litiicex,  multiples  fdetioted  hy  m)  of  t)ic  unit  length.  The 
U'tal  uuinher  of  such  plaueti,  for  a  givcu  value  of  m,  ia  obviously  eight,  and 


TBTBAGONAL   SYSTEM. 


27 


the  form  is  shown  in  f.  114  and  115.  These  planes  replace  the  basal 
edges  of  the  form  shown  in  f.  106,  and  m  varies  in  value  from  0  to  cjo . 
When  7/1=0  the  four  planes  above  and  below  coincide  with  the  two  basal 


115 


117 


plaiies ;  as  m  increases,  there  arises  a  series,  or  zone,  of  planes,  with  mu- 
tually parallel  intei-8ections(f.  110) ;  and  when  m=^  ,  the  octaliedral  planes 
7)i-i  coincide  with  the  planes  i-i.  The  value  of  7n  in  a  particular  species 
depends  upon  the  unit  value  assumed  for  the  vertical  axis  c. 

The  same  form  replaces  the  vertical  angles  of  the  prism  7,  as  in  f.  117. 


119 


jri 


121 


The  octahedrons  of  the  m  series  meet  both  of  the  lateral  axes  at  equal 
distances  and  the  vertical  axis  at  variable  distances.  It  is  clear  that  the 
whole  number  of  planes  for  this  form,  when  the  value  of  mis  given,  is  also 
eight,  one  in  each  octant.  When  7n=l  the  solid  in  f.  118  is  obtained, 
which  is  sometimes  called  the  unit  octaliedron.  As  m  decreases,  the  octaJie- 
drons  become  more  and  more  obtuse,  till  7/i=0,  when  the  eight  planes  coin- 
cide with  the  two  basal  planes.  As  m  increases  from  unity,  on  the  other 
hand,  the  octahedrons  or  pyramids  become  more  and  more  acute,  and  when 
m=Qo  they  coincide  with  the  prism  /;  this  series  forms  another  zone  of 
planes,  "f hese  octahedrons  replace  the  basal  edges  in  the  form  f.  107,  as 
seen  in  f.  119,  and  as  the  octahedron  is  more  and  more  developed  it  passes 
to  f.  120,  and  finally  to  f.  118. 
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The  same  form  replaces  the  solid  angles  of  the  form  f.  106,  as  seen  in 
f.  121,  and  this  too  gradually  passes  into  f .  122  and  f.  114. 
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The  relation  of  the  octahcdi-oiiB  1  and  1-i  (r/i  andm-t)  is  the  eame  as  that 
of  the  prisms  /  and  i-i  (commre  f.  112).  i3innlarly,  too,  tJicj  are  often 
called  octahedi-oiis  (or  pyramids)  tti  the  ,fir«i  {in)  una  si'.oond  (m-i)  series. 

As  will  be  seen  in  f.  123, 1-i  triincatea  the  i)yramidal  edges  of  the  octahe- 
dron 1,  and,  eonverselv,  the  edges  of  the  octahedron  2-i  are  truncated  bv 
the  octahedron  1  (f.  124). 

Octagonal  pyrawii/h. — The  fonn    in-n  (mo ; 
na  :  a)  in  this  system  lias,  as  in  the  preceding  svs- 
tein,  the  highest  iiiniiber  of  similar  planes  which 
are  geometrically  possible  ;  in  tliis  case  the  num- 
ber IB  obviously  sixteen,  two  in  each  of  tlie  eight 
eectants,  as  in  f.  125,  where  m=l,  w=2.     These 
sixteen  similar  planes  tugethcr  form  the  <ictag()nal 
pyramid  (strictly  double   pyramid)  or  ziri'onoid,  . 
I.  126.     It  has  two  kinds  oi  tenninal  edges,  the 
axial  X  and  tlie  diagonal  Y ;  the  basal  edges  are  ' 
all   similar.     It  is  seen  ()a-w=l-2)  in   f.  127  in 
combination  with  tlie  diametral  prism,  and  in  f.  123  witli  1,  where  it  bevels 
the  vertical  edges. 


Other  tetragonal  forms  are  illustrated  in 
figures  2  to  8,  of  zircon  crystaU,  on  \\  2 ; 
f,  8  is  the  most  complex,  and  besides  3-3 
shows  alaii  the  related  zii-ct>noid8  4-4  and  5-5, 

Several  series  of  forms  occur  in  f.  12'J,  of 
vesuvianite.  In  tlie  unit  scries  of  planes 
there  are  the  octahedrons  (or  ^lyi-amids)  1,2, 
8,  and  tlie  prism  /;  in  the  diametral  scries 
1-i,  i-i  ;  of  octagonal  pricms,  i-'2,  i-3 ;  of  zir- 
conoids  2-2,  3-3.  ri-5.  4-2,  |-3,  the  whole  num- 
ber of  planes  being  154. 


B.  Jlemihedral  Forma. 

Among  hemihedral  forms  there  are  two  divisions,  as  in  the  isometrie 
system : 

1.  HeinihoUhedral,  having  the  f  nil  number  of  planes  m  half  the  seetants. 
(ffl)  VerticaUy-aUei-juiU,  or  sphenoidal  forms.— The  ]»lanes  occur  in  two 
seetants  situated  in  a  diagonal  line  at  one  extremity,  and  two  in  the  trana- 
verae  diagonal  at  the  other. 
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With  octahedral  planes  ^(mc  :  a  :  a)  the  solid  is  a  tetrahedron  (f.  130, 
131)  called  a  sphowid,  having  the  same  relation  to  the  square  prism  of 
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planes  of  each  sectant  are   the  two  of   the  octagonal   pyramid 
:  a)  (f.  12()),  the  form  is  a  diploid  (f.  133).     It  is  in  combination 


f.  106  that  the  regular  tetrahedron  has  to  the  cube.  Fig.  130  is  the  positive 
sphenoid  or  +1,  and  131  the  negative,  or  —1.  The  form  iimc  :  ooa  :  a) 
is  similar.  Fig.  132  represents  the  sphenoid  in  combination  with  the  prism 
i-i. 

If  the 
i{m€  :na 
with  the  octahedron  l-i  in  f.  134. 

{b)  VerHcallf/-/Iirect,  or  the  planes  occuring  in  two  opposite  sectants 
above,  and  in  two  on  the  same  diagonal  below.  The  result  is  a  horizontal 
prism,  or  forms  resembling  those  of  the  orthorhombic  system.  Character- 
izes crystals  of  edingtonite. 

(c)  Vertically-ohhqiie,  Planes  occurring  in  two  adjacent  octants  above, 
and  in  two  diagonally  opposite  below,  producing  monoclinic  forms,  as  in  a 
hydrous  ammonium  sulphate. 

2.  Ilolohemihedral^  all  the  sectants  having  half  the  full  number  of  planes. 
As  the  largest  number  of  planes  of  a  kind  is  tioo^  half  the  full  number  is 
in  all  cases  one.  Ilemihedrism  may  occur  in  the  forms  in-n  (f.  126,  127), 
or  zirconoids,  and  in  the  forms  i-n  (f.  109),  or  the  octagonal  prism. 

The  following  are  the  kinds  : 

(a)  Verticidly-direct.  The  occurring  plane  of  the  sectants,  the  right 
one  in  the  upper  series,  and  that  in  the  same  vertical  zone  below,  as  indi- 
cated by  the  shading  in  f.  135  ;  or  else  the  left  one  above,  and  that  in  the 
same  vertical  zone  below,  f.  136. 


i:]0 


137 


138 


139 


{h)  Vertically-alternate,  The  occurring  plane  the  right  above,  and  that 
in  the  alternate  zone  below,  as  indicated  in  f.  137 ;  or  else  the  Uft  above, 
and  that  in  the  alternate  zone  below,  f.  138. 

As  the  right  of  the  two  planes  above  is  in  the  same  vertical  zone  with  the 
left  of  the  two  below  (supposing  the  lower  end  made  the  upper),  the  two 
kinds  of  the  first  division  will  be  the  rl  m-n  ;  and  the  Ir  irv-n  (in  f.  136  on 
the  angles  of  the  prism  i-i)  ;  and  the  two  of  the  second  division  the  rr  m-n 
and  the  II  m-n  (in  f.  138,  on  the  angles  of  the  prism  i-i). 
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The  completed  form  for  the  fii-st  nietluxls  has  j^arallel  faecB,  and  is  like  the 
ordinary  square  octahedron  in  sha))e,  because  the  upper  and  lower  planes 
belon^^  to  the  same  vertical  zone.  l$ut  in  the  second  it  \^  gyroidal  •  the 
upjKir  pyramid  has  its  faces  in  the  same  vertical  line  with  an  edge  of  the 
lower,  as  represented  in  f.  189,  the  fonn  //  m-n. 

The  first  of  these  mctlnxls  occurs  hi  octagonal  prisms,  producing  a  square 
prism,  either  r  i-n^  or  I  i-n. 

Fig.  14()  represents  a  com-  140 

bination  of  the  octahedral  1-i 
with  the  unit-octahediX)n  1,  and 
two  hemihedi-al  forms,  cnie  of 
them  Ir  1-2,  the  other  rl  3-3. 
The  plane  1  shows  the  jx^i- 
tion  of  tlie  octant  ;  3-3  is  to 
the  rifjfAt  of  1,  and  1-2  to  the 
l^ff.  In  f.  141,  which  is  a  top 
view  of  a  crvstal  (»f  wernerite, 
there  occurs  I  3-3  large,  along 
with  7*  3-3  small,  indicatin<r 
liemihedrism,  and,  judging 
from  that  of  the  allied  species 
sarcolite,  it  is  of  the  scpiare  (mj- 
tahedral  kind,  rl  3  3  and  Ir  3-3. 
Fig.  142  contains  the  hemihedral  prism  /  ?-j,  com- 
bined with  the  unit-octahedron  1,  and  the  basal 
plane  O. 


Wernerite. 


Scheolitc. 


Wulfenite. 


Variahle  elements  hi  this  system. — In  the  tetragonal  system  two  ele- 
ments are  variable,  and  in  any  given  case  must  be  decided  before  the  rela- 
tions of  the  forms  can  be  definitely  expressed. 

in)  lltr jpoHition-  of  th**  lateral  axea. — These  axes  are  equal,  but  there  are 
two  ]M)Ssible  jx^sitions  for  them,  for  in  a  given  square  octahedron  they  may 
be  either  diagonal  or  <liametral ;  in  other  words,  jriven  an  Oi'tahedi^on,  as  in 
f.  115, 110,  the  prismatic  planes  may  be  made  diametral  (/-/),  and  the  octahe- 
dron so  belon<r  to  the  m-i  series,  or  the  prismatic  ])lanes  may  be  made  diag- 
onal, that  is  /  (rr.  c  \  a\  a\  when  the  corresponding  octahedrons  belong 
to  the  v\  series.     The  ratio  of  the  lateral  axes  ftn*  the  two  cases  is  obviously 

1  :i/2,  or  1  : 1.4142 -f. 

(i)  The  length  of  the  vertical  axis, — Among  the  several  occurring  octa- 
hedrons, one  must  be  assumed  as  the  unit,  and  the  othei-s  referred  to  it.     In 
f.  143,  of  zircon,  the  octahedron  1  is  made*  the  unit,  and  by  measur- 
ing the  basal  angle  it  is  found  mathematically,  as  explained  later, 
that  the  lenjirth  r>f  the  vertical  axis  is  <>.S.5  times  that  of  the  lateral 
axes.     The  octahedron  3  has  then  the  svmbol  3c'  \  a\  a  as  referred 
to  this  unit.     If  the  latter  octahedron  liad  been  taken  as  the  fun- 
damental form,  the  length  of  the  vertical  axis  would  have  been 
3x0.85  times  that  of  the  lateral  axes,  and  the  symbol  of  the  first 
plane  would  have  been  ^c :  a  :  a.     Which  form  is  to  be  taken  as 
the  unit  or  fundamental,  that  is,  what  length  of  the  vertical  axis  c  is  to  bo 
adopted,  depends  upon  various  considerations.      In  general  that  form  is 
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assumed  as  fundamental  which  is  of  most  common  occurrence  or  to  which 
the  cleavage  is  parallel ;  or  which  best  shows  the  morphological  relations 
of  the  given  species  to  othei*s  related  to  it  in  chemical  comj)Osition,  or  which 
gives  the  simplest  symbols  for  the  occurring  forms  of  a  species. 

Prominent  characteristics  of  ordinary  tetragonal  foi'Tns, — The  promi- 
nent distinguishing  characteristics  of  tetragonal  forms  are  :  (1)  A  symme- 
trical arrangement  of  the  planes  in  fours  or  eights.  (2)  The  frequent  oc- 
currence of  a  square  prism  diagonal  to  a  square  prism,  the  one  making  with 
the  other  an  angle  or  135*^.  (3)  The  occurrence  of  bevelling  planes  on  the 
lateral  edges  of  the  square  prism.  (4)  A  resemblance  of  the  octahedrons 
to  the  regular  octahedron,  in  having  a  square  base,  but  a  dissimilarity  in 
that  the  angles  over  the  basal  edges  do  not  equal  those  over  the  terminal.  (5) 
Cleavage  may  be  either  basal^  square-prismatic^  or  octahedral ;  prismatic 
cleavage,  when  existing,  is  alike  in  two  directions,  parallel  to  the  lateral 
faces  of  one  of  the  square  prisms,  and  is  always  dissimilar  to  the  basal  cleav- 
age; the  basal,  or  the  lateral,  is  sometimes  indistinct  or  wanting;  the  pris- 
matic may  occur  parallel  to  the  lateral  planes  of  both  square  prisms,  but 
when  so,  tnat  of  one  will  be  always  unlike  in  facility  that  of  the  other. 

Pla/nes  of  symmetry, — There  are  five  planes  ot  symmetry  in  the  tetra- 
gonal system :  one  principal  plane  of  symmetry  normal  to  the  vertical  axis, 
and  four  others,  intersecthig  in  this  axis  ;  these  four  are  in  two  pairs,  the 
planes  of  each  pair  normal  (90°)  to  each  other,  and  diagonal  (45°)  to  those 
of  the  other. 


III.— HEXAGONAL  SYSTEM. 

The  Hexagonal  System  includes  two  grand  divisions  :  1.  The  Hexa- 
gonal proper,  in  which  (1)  symmetry  is  by  sixes^  and  multiples  of  six  ; 
(2)  hemihedral  forms  are  of  the  kind  called  vertically-direct ;  and  (3) 
cleavage  and  all  physical  characters  have  direct  relations  to  the  holohedral 
hexagonal  form. 

2.  The  Khombohedral,  in  which  (1)  symmetry  is  by  threes  and  multi- 
ples of  three,  rhombohedral  forms  being  hemihedral  in  mathematical  rela- 
tion to  the  hexagonal  system,  and  of  the  kind  called  vertically-alternate ; 
(2)  cleavage,  and  many  other  physical  characters,  usually  partake  of  the 
hemihedrism. 

While  the  rhombohedron  is  mathematically  a  hemihedral  form  under 
the  hexagonal  system,  and  is  properly  so  treated  in  a  system  of  mathema- 
tical crystallography,  it  is  not  so  genetically,  or  in  its  fundamental  relations. 
Moreover,  it  has  its  own  hemihedral  forms,  which,  under  the  broad  hexago- 
nal system,  are  tetartohedral. 

The  holohedral  forms,  all  of  which  belong  to  the  Hexagonal  division, 
are  here  first  described ;  and  then  the  hemihearal  forms,  which  include,  be- 
sides a  few  under  the  hexagonal  division,  the  whole  of  the  Rhornhohedral 
division. 

A.  Holohedral  Forms  :  Hexagonal  Division. 

The  general  expression  for  planes  of  this  system  is  mc :  n«  :  a  ipa,  where 
there  are  to  be  considered  the  vertical  axis,  c,  and  three  equal  lateral  axes,  a. 
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It  18  evident,  however,  fliat  the  jtosition  of  any  plane  is  detennincd  bv  it* 
iiitentoctiuns  witli  two  'if  the  lateral  axes,  a?  itts  direetioii  with  the  tliird 
follows  directly  f  mm  them.  (CoinjMiro  f,  14H.)  Conseqiientiy,  in  writing 
the  symbol  of  any  plane  it  in  necessary  to  talvo  into  consideration  only 
the  veiticnl  axis,  and  two  of  the  lateral  axes  adjacent  to  each  other. 

The  variinis  holohcdral  forms  pof^sible  in  this  system  are  derived  after 
the  analofry  of  tlnmo  of  the  tetraf»onal  syptem.  Tlie  parameters  for  all  the 
latei-al  axes  are  e;iven*l>eIow  for  sjiko  of  comparismi.  It  is  to  be  noted  here 
that  m  may  be  either  <  1,  or  >  1 ;  ii  is  always  >  1  and  <  2,  while  jj  >  3 
and<  00  ;  further  than  tliis  it  is  always  trne  that  jt= 


Oc :  a  :  o  :  (a) 
«:  c  :  ffl  :  (s  :  (x  a) 
oov  :  "Ifi:  a  :  Cia) 

I  iin: :  a  :  a  :  {x  a) 
'  »»(■ :  2a  :  a  :  {:U) 


n-1 

[O]  when  jw=0,    n=l. 

[/]  when  m=-x.,n=l. 

[i-2J  when  iiit='x  ,  «=2. 

[/•hJ  when  ;h--=3i  ,  »i  >1  and 

[1]  when  )»  =  !,   «  =  1. 

[in]  when  »i%l,    «  =  1. 

[}n-'2]  when  Ml  ^  I.    n  = 


:  a  :  (yw)      [»)-«]  when  "*>1,    n    1  and  <  2. 

The  abridgfod  Rrmbola  need  no  cxplanatioii  beyond  that  which  has  beeD  given  on   p.  25 ; 
ml'n=mn;  <k: 2'a-i-a,  etc. 

Bmnl  planeg. — The  fonn  0=t\i;:a:a  includes   the   two  basal  planes 
nliove  iind  below,  parallel  to  tlie  piano  of  the  lateral  axes. 


Pritmx. — The  form  T=^c  '.n\a  comprises  the  six  planes  parallel  to 
the  vertiinl  axiB,an(l  meeting  the  two  adjoining  lateral  axes  at  eqnal  dis- 
tances. Tho^e  riix  planes  with  the  basal  ]>lane  form  the  hexagonal  nnit 
]»risni,  f.  144.  The  ftirrn  i-'i=rR  e  \ 'ia- :  n  indiides  the  six  planes  which 
ai-e  parallel  to  the  vertical  axis  but  meet  one  of  the  lateral  axes  at  the  unit 
distance,  and  the  other  twu  at  double  that  distance.  These  planes  with  the 
basal  jiliLne  form  the  diagonal  prism,  f.  145.  The  relations  of  the  two 
prisms  /  and  j-2  is  shown  in  f.  14fi.  In  f,- 147.  it  will  be  seen  that  the  one 
prism  truncates  the  vertical  edges  of  the  other.  The  faces  of  the  i-2 
make  an  angle  of  150"  with  the  faces  of  I.  These  two  pi-isins  have  an  inti- 
mate connection  with  each  other,  and  together  form  a  re^uhir  twelve-sided 
prism, — a  prism  which  is  crystal  iograpliically  impossible  except  as  the  result 
of  the  combination  of  these  two  (different  forms.  * 
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The  form  t-2  is  a  special  case  of  the  general  form  I'-n  or  tao  :na:  a. 
When  n  is  some  iminher  less  than  li,  and  greater  than  1,  there  must  be  two 
planes  answering  the  given  conditions  in  each  sectant,  and  twelve  in  all. 
Together  they  form  the  dihext^oiiul,  or  twelve-sided,  prism.  This  prism 
hevels  the  edges  of  the  prism  /,  and  the  vertical  edges  are  of  two  Kinds, 
axiai  and  diagonal.  The  vahies  of  n  must  lie  hetweeu  1  and  2  ;  some  of 
the  occurring  forms  are  i-^,  i-\.  etc. 

Hexagonal  pyramids,  or  Qiuirisoide. — The  symbol  l=c  :  a  :  a  belongs 
to  the  twelve  planes  of  the  unit  pyramid,  f.  148,  while  the  eeneral  form 
i/iz=nic  :  a. :  a  includes  all  the  pyramids  in  this  series  where  the  length  of 
the  vertical  axis  is  some  multiple  of  the  assumed  unit  length.  As  in  the 
tetragonal  system,  when  m  diminishes,  the  pyramids  become  more  and 
more  obtuse,  and  the  form  passes  into  the  basal  plane  when  m  is  zero ; 
while  as  m.  increases,  the  pyramids  become  more  and  more  acute,  and  finally 
coincide  with  the  prism  I.  These  pyramids  conseqnently  replace  the  basal 
edsjes  between  0  and  7,  f .  14y,  and  with  them  form  a  vertical  zona  of  planes. 

The  pyramids  of  the  m-3  series  have  the  same  relation  to  thoB6of  them 
series,  jnst  described,  that  the  prism  i-2  has  to  the  prism  J.  They  replace 
the  basal  edges  between  i-2  and  0  (f.  145),  and  as  the  value  of  m  varies, 
give  rise  to  a  series  or  sone  of  planes  between  these  limits. 

The  pyramids  of  both  the  first  (m)  and  the  second  (m-2)  series  are  well 
shown  in  f.  150,  of  apatite.  In  the  first  series  there  are  the  pyramids  J,  1, 
and  2 ;  and  in  the  second  series  the  pyramids  1-2,  2-2,  and  4-2.     The  cor- 
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responding  prisms  /and  i-2  are  also  shown,  and  the  zones  between  each  of 
them  and  the  basal  plane  0  are  to  be  noticed.  Attention  may  also  be 
called  to  the  fact,  exemplified  here,  that  the  pyramid  2-2  truncates  the  ver- 
tical edges  of  the  |iyramid  2  ;  also  1-2  truncates  the  vertical  edges  of  1 ; 
while  the  latter  form  (1)  also  truncates  the  vertical  edges  of  i-2,  as  is  seen 
in  f,  147. 

Diheaxbgonal  pyramids^  or  Berylloids. — The  general  form  m.c:na:  a 

{;ives  the  largest  number  of  similar  planes  possible  iu  this  system,  which  is 
lere  obviously  twenty-fonr,  that  is,  two  in  each  of  the  twelve  sectants. 
These  pyramids  correspond  to  tlie  prisms  of  the  i-n  series,  and  form  the 
dihexagonat  pyramids,  or  berylloids,  as  in  f,  151. 

The  berylloid  has  three  kinds  of  edges  :  the  axial  edges  JE"{f.  151,  152), 
connecting  the  apex  with  the  extremity  of  one  of  the  axes ;  the  diagonal 
edges  Y,  and  the  basal  edges  Z. 
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In  the  upper  pyramid,  one  of  these  two  planes  for  each  sectant  may  be 
distinguished  as  the  rujht^  and  the  other  the  UfU  as  lettered  in  f.  152 ;  and 
the  same,  after  inverting  the  crystal,  for  those  of  the  other  pyramid.  It  is  to 
be  observed  that  in  agivenix>sition  of  the  form,  as  that  of  f.  151,  the  right 
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of  the  npper  pyramid  will  be  over  the  left  of  the  lower  pyramid,  and  the 
reverse.  Fig.  153  represents  the  planes  of  snch  a  form  m-n  combined  with 
the  niiit  prism  /,  aiul  the  planes  are  lettered  /,  r,  in  accordance  with  the 
above.  In  f.  154,  of  a  crystal  of  beryl,  the  prism  /  is  combined  with  the 
pyramids  1,  2,  2-2,  and  the  berylloid  3-f . 
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B.  Ileinihe^Jral  Forms. 

I.  Yertically  DraECT. — The  T)lane8  of  the  n])per  range  of  sectants  being 
in  the  same  vertical  zone  severally  with  those  below. 

(^-1).  Ileniihohhedral. — Half  the  sectants  having  the  full  number  of 
planes : 

1.  Trigonal  py ram idH, — The  diametral  pyramid  m-2  is  some- 
times thus  hemihedral,  as  in  the  annexed  figure  (f.  155)  of  a  crys- 
tal of  quartz,  in  which  there  are  only  three  planes,  2-2  at  each 
extremity,  and  each  of  those  above  is  in  the  same  zone  with  one 
below.  The  completed  form  would  be  an  equilateral  and  symme- 
trical double  three-sided  pvramid. 

2.  TrigonaJ,  ^>r/.9/;?.Af. — I'he  occurrence  of  three  out  of  the  six 
])lanes  of  the  prism  /,  or  i-2,  produces  a  three-sided  prism.  The  prism  1 
is  thus  hemihedral  in  tourmaline  (f.  150,  a  top  view  of  a  crystal),  and  the 
prism  ?*-2  in  quartz.  Both  these  forms  properly  belong  to  the  Rhombo- 
iiedral  division. 

3.  J) itrigotnil prising, — An  hexagonal  prism  hemihedral  to  the  dihexago- 
nal  prism  occui'S  in  quartz  and  tourmaline,  the  hexagonal  prism  sometimes 
having  only  the  alternate  vertical  edges  bevelled,  as  in  f.  183,  and  f.  185, 
p.  40. 

{B).  IlohJiemiJiedral, — All  the  sectants  having  half  the  full  number  of 
planes : 

1.  JTemi-dihexagonal  piirami(h, — Each  sectant  has  one  out  of  the  two 
planes   of    the  dihexagonal  pyramid  (f.  151, 153);    this  is  indicated  by 
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the  shading  in  f .  157.     The  occurring  plane  may  be  the  right  above  and 
left  below,  or  left    above   and  right  below,   and  the  form  accordingly 
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Tourmaline. 


Apatite. 


either  rl  m-n,  or  Ir  m-n.  Examples  of  the  first  of  these  occur  in  f.  158, 
representing  a  crj'stal  of  apatite,  the  planes  ^(3-J),  and  o'{^-^)  being  of 
this  kind.  This  method  of  hemihedrism  occurs  only  in  forms  that  are 
true  hexagonal,  and  not  in  the  rhombohedral  division. 

II.  Yertioally  ALTicRNATE,  the  plaucs  of  the  upper  range  of  sectants 
being  in  zones  alternate  with  those  below. 

(A)  Jlemiholohedral  formSy  or  those  in  which  half  the  sectants  have  the 
full  number  of  planes  as  in  the 


Rhombohedral  Division. 

1.  lihombohedronSjand  their  relation  to  Hexagonal  forms, — The  rhom- 
bohedron  is  derivable  from  the  hexagonal  pyramid  by  a  suppression  of  the 
alternate  planes  and  the  extension  of  the  others.  In  f.  159,  if  the  shaded 
planes  in  front  and  the  opposite  ones  behind  are  suppressed,  while  the  others 
are  extended,  a  rhomboliedron  will  be  derived.  This  is  further  shown 
in  f.  160,  where  the  hexagonal  pyramid  is  represented  within  the  rhom- 
bohedron.  Another  similar  rhomboliedron,  complementary  to  this,  would 
result  from  the  suppression  of  the  other  alteiTiate  half  of  the  planes.  One 
of  these  rhomboheurons  is  called  minus^  and  the  other  plus  (f.  161, 162). 
The  form  in  f.  148  is  made  up,  under  the  rhombohedral  system,  of  ■\-R 
and  —7?  (or  +1  and  —1)  combined,  as  in  the  annexed  figure  (f.  163),  of  a 
crystal  of  quartz. 
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Fig.  164  shows  the  combination  of  the  rhombohedron  with  the  prism  /; 
in  f.  165  the  former  is  more  developed,  and  it  finally  passes  into  the  com- 
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pletc  rliombohcdron,  f.  161.     In  f.  166  tlie  rhoiribohcdral  planes  occur  on 
the  alternate  angles  of  the  diagonal  prism  /-2. 

The  6yinb(;l  of  the  nnit  rh(>nil)<>hedn)n  lus  referred  to  the  hexagonal  sys- 
tem is  ^{c  :  a  :  <7),  a  second  rhombohedrun  may  bo  j[{2c  :  a  :  a)  and  so  on  ; 
it  is,  however,  more  siinple  to  write  only  4- A*  or  — /i^  and  4-2/jf  or  —  2/j?,  and 
so  on  ;  or,  where  there  is  no  confusion  with  the  symbols  of  hexagonal  forms, 
as  +1.  —1,  and  4-7/^,  —?n. 
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Quartz. 
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Tliis  hemihedrism  resulting  in  the  rliombohcdron  is  analogous,  in  the 
alternate  positions  of  the  planes  above  and  below,  to  that  pnvducing  the 
tetrahedron  in  the  isometric  system.  But  owing  to  the  fact  that  there  are 
three  lateral  axes  instead  of  two,  the  rliombohcdron  has  its  opposite  faces 
parallel,  unlike  the  tetrahedron. 

In  f.  167  the  planes  Ji  belong  to 
the  rliombohcdron  4-1 ;  f  to  the 
rliombohcdron  4-t,  having  the  verti- 
tical  axis  ^r ;  O  is  the  basal  plane, 
or  mathematically  the  rhombohe- 
dron  0,  the  vertical  axis  l>cing 
Of.  /  is  the  hexagonal  prism 
00 :  1  :  1,  or  more  proj)erly  a  rhom- 
bohedron  with  an  infinite  axis,  ooc 
On  the  opposite  side  of  /  the  planes 
are  rhombohedral,  but  belong  to  the 
Ciiuiabar.  X/         \|^      viinv^  scrics ;  —  \  has  the  vertical 

Calcite.  axisf/;;  — 4,  4i';  —2,  2c;  — f,  |<?, 

this  last  being  complementary  to 
4-t,  and  the  same  identical  form,  except  that  all  the  parts 
are  reversed.  Fig.  168,  A-li'  r(;present  different  rhonibo- 
hedrons  of  the  6})ecies  calcite:  yl,  the  rliombohcdron  1; 
^>  — i;  ^1  —^  J  ^»~f>  -^1  4  ;  having  respectively  for 
the  vertical  axis,  Ir,  h\  2<?,  \c„  46',  with  6*=0.8543,  the  lat- 
eral axes  being  made  equal  to  unity.  In  f.  169  the 
rliombohcdron  2  (or  27i?)  is  conibiiie<l  with  —1  (or  — /?), 
the  latter  truncating  the  terminal  edges  of  the  former. 

In  relation  to  the  series  of  +  and  —  rhombohedrona  it 

is  important  to  note  that,  since  the  position  of  —i^li  is  that 

of  the  vertical  edge  of  -\-1il,  in  combination    with  it,  it  truncates  these 

edges.     Similarly  4- J/?  truncates  the  same  edges  of  —^liy  and   80  on. 
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Also +5  truncates  the  edges  of  -2i?,aQd  ~R  the  edges  of  +2Ii  (f.  169), 
—IR  truncates  the  edges  of  +4ff,  and  so  on. 

2.  Scalenohedrom  ;  fvnnc  hemihedral  to  the  dihexagonal pyramid. — Ab 
the  rhombohedron  is  a  lieniihedral  he^tagonal  pyramid  or  qiiartzoid,  so  a 
scalenohedron  is  a  hemihedral  dihexagonal  pvi-araid  or  berylloid.  The 
method  of  heraihedrism  is  similar  by  the  suppression  of  the  planes  of  the 
alternate  Bectaqta,  as  indicated  by  the  shading  in  f.  170  (analogous  to  f.  159) 
and  the  extension   of   those   of  the   otiier  sectants.     A  scale nohedron  is 


represented  in  f.  171,  a  hexagonal  double  pyramid  with  a  zig-zag  basal  ont- 
line,  and  three  kinds  of  edges ;  the  shorter  terminal  edge  X,  connecting  the 
apex  with  the  extremity  of  a  lateral  axis;  the  longer  terminal  edge  J", 
intermediate  in  position;  and  the  basal  edge  Z ;  ^and  I'eorrespond  to 
X  and  Y  in  f .  151, 152.  There  are  plus  and  minus  scalenohedrons,  as 
tliere  axe  plus  and  ininus  rhombohedrons. 

The  relations  of  the  form  to  replacements  of  the  rhom-  175 

bohedron  are  illustrated  in  the  other  iignres.  Fig.  172  repre- 
sents a  rhombohedron  (+1  or  R)  with  its  basal  edges  bevel- 
led ;  and  this  bevelraent,  continned  to  the  obliteration  of  the 
planes  Ji,  produces  the  scaleiiohedi'im  shown  by  the  dotted 
lines.  The  scalenohedron  in  f.  171, 172  has  the  vertical  axis 
equal  to  3(^  or  three  times  as  long  as  that  of  R,  tlie  lateral 
axes  of  both  being  equal ;  and  hence  it  is  that  the  planes  are 
lettered  1",  the  1  referring  to  the  rhombohedron  and  the 
index '  being  the  multiple  toat  gives  the  value  of  the  vertical 
axis  of  the  scalenohedron. 

In  f.  113  there  are  two  scalenohedrons  of  the  same  scries, 
viz.,  1',  1',  combined  with  the  rhombohedrons  li  (or  +1)  and 
-)-4.     Fig.  17+  shows  the  scalenohedron  —  1'  combined  with 
the  rhonibobedrou —4  (or  — 4/^;  and  175,  the  same  with  the  rhombohe- 
dmn  5  (-H5R). 

(^ther  scalenohedrons  replace  the  basal  angles  of  a  rhombohedron  by 
two  similar  planes  (f.  176);  or  bevel  the  terminal  edges;  or  replace  the 
terminal  solid  angles  by  six  planes,  two  to  each  terminal  edge,  or  to  each 
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rhombohedral  face ;  and  they  will  be  relatively  +  or  — ,  according  to  their 
poBition  in  one  or  the  otlier  set  of  sectanta,  as  has  been  eK])laiiied,  Fig.  177 
repi'CseutB  tlie  top  view  of  a  crystal  of  tuuimaliue.     It  coiitaiua  the  rhombo- 


hedral planes,  Ji,^,  Y,  — J,  — J,  ~J,  — 2,aloiigwith  the  scale  iioliedrans  ~i', 
—i',  —4')  H)  1",  and  also  two  othere  bevelling  the  terminal  edges  of  tlie 
rhombohedroii  li. 

The  scalenohedroiia  —1*.  ^i',  — i",  berel  the  baanl  edges  of  the  ThombohedKia  — };  and 
ooiueqnenlJ;  th«  length  of  the  axes  nra  reapcctivelf  2,  3,  5  times  thst  of  the  rbombohedroa 
i,  and  henoe,  eqiud  li;,  }e,  ie.  Everj  watleaohedrou  oocrespondB  to  a  bevelmeat  of  tha 
basal  edges  of  some  rbombohedioa — and  that  particular  one  whoHe  lateral  edg«s  are  parallel 
to  those  of  the  scalenohedron.  The  symbols  for  them  acuonlinKl}'  are  made  Dp  of  the 
•ymbol  of  the  rbombohedroa  and  so  index  which  expresses  the  relation  of  its  vertic*!  asia 
as  to  lenfcth  to  that  of  the  rhombohedron,  aocoTding  to  a  method  [iropoeed  by  Naomann. 
(See  p.  73.) 


178 


Comndnm. 


Iloxasonal  pyramids  of  the  ni~2  or  diagonal  series  ouetir  in 
many  riionibolicdral  species ;  as  f.  178  of  coruiidnm,  wliich 
contains  4-2(;-),  4-3,  ^-3  (for  9-2  on  the  figure  read  t^2,  Klein), 
along  with  the  rhombohedron  1,  and  the  basal  plane  0;  also 
f.  167,  in  winch  is  the  pyramid  2-2.  llemihedral  forms  of  the 
same  pyramids  (of  tlie  Kind  described  on  p.  34)  are  met  with  in 
rhombohedral  gpecies,  but  only  such  as  h&ve  also  tctartohedral 
mod ilicat ions.  llemihedral  forms  of  the  hexagonal  and  dihcx- 
agonal  prisms  (p.  34)  are  also  chai-acteristic  of  some  rhombohedral 
species,  and  of  those  that  have  either  tetartohedral  or  heniimorphic  inodifi* 
cations. 

.J.  Vig.   179  illnstrates  the  [elative  positioiui  of   the  lonea  of 

the  -4-  and  —  rhombohedronB,  and  diagonal  pyramids  m-S 
alteruttting  with  regions  of  -+-  and  —  Bcalenohedrons  in  tha 
scheme  of  the  rhombohedral  sjHtem.  The  &^re  is  Happoaod 
to  be  a  top  view.  It  is  similar  to  f.  162,  p.  lii.  and  like  that 
contains  the  upper  planes  of  the  dibexogonol  pyramid  ;  bnt 
these  are  divided  between  a  nliu  and  a  inimit  8<atlenohedron, 
those  pianos  marked  -I-  being  the  former,  and  the  otbers  ( —  )  the 
latter.  The  three  lateral  aiee  are  lettered  each  iib.  The  por- 
tion of  the  +fnAzonent  planes  (or  pJiMrbombohedrons)  relatJTs 
to  the  Bcalenohedrons  is  shown  by  the  lettering  -l-i'l  of  the 
—  mA  zones  (ornti'nuorhombohedronsi  by  —H.  The  portion  of 
the  vertical  lOue  of  ffi-3,  or  diametral  pyramidal  planes,  i* 
indicated  by  the  letter  d.  The  order  of  succession,  begitmingl 
with  one  of  the  plat  interazial  sectanta  (the  one  in  the  medial  line  below)  and  numbering  it 
1,  is  aa  follows : 
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(   (1)  Plus  Roalenohedrons,  or  planes  of  the  general  form  +m°. 
I.  •<    (2)  Zone  of  plus  rhombohedrons,  +mR. 

I    (3)  Plus  scalenohedrons,  or  planes  of  the  general  form  -\-m^. 

(4)  Zone  of  diagonal  pyramids,  m-2. 
C    (5)  Minus  scalenohedrons,  or  planes  of  the  general  form  —  m". 
IL  •<    (6)  Zone  of  minus  rhombohedrons,  —mU. 
I    (7)  Minus  scalenohedrons,  —  m". 
(8)  Zone  of  diagonal  pyramids,  m-2. 

!(9)  Plus  scalenohedrons,  -h  m'\ 
(tO)  Zone  of  plus  rhombohedrons,  -\-mR. 
(11)  Plus  scalenohedrons,  -f-wi"- 
(12)  Zone  of  diagonal  pyramids. 
And  so  on  around,  as  the  figfure  illustrates.     In  the  lower  pyramid  the  order  of  succession  is 
the  same  ;  but  the  plus  planes  are  directly  below  the  minus  of  the  above  view  of  the  upper 
pyramid. 

The  plus  scalenohedrons  have  the  pyramidal  edge  ^er  the  -\-mR  section,  the  more 
obtuse  of  the  two  (or  edge  Y) ;  and  the  minus  scalenohedrons  have  that  edge  the  less  obtuse 
(or  edge  X),  and  that  over  the  —mU  section  the  more  obtuse  (or  edge  T). 

B.  Holokemihedral  forinSy  or  those  in  which  all  the  sectants  have  half 
the  full  number  of  planes  (as  shown  by  the  shading  in  f.  180). 

Gyroidal^  or  trapezohedral  forms. — Of  the  planes,  in  f.  181  there  would 
occur  only  those  lettered  r,  r,  above  and  below  ;  or  those  lettered  ?,  Z,  and, 
unlike  f.  157,  the  planes  above  and  below  are  not  in  the  same  zone.     The 
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form  is  consequently  gyroidal^  the  planes  being  inclined  around  the  prism, 
both  above  and  below,  and  in  the  same  direction  at  the  two  extremities. 
It  is  also  called  plagihedral.  The  symbol  for  the  planes  is  rr  m-n^  or 
U  tn-n^  according  as  the  occurring  planes  of  the  two  in  the  same  sector  are 
the  riglU  or  iholeft.    Fig.  182  is  an  example  of  U  6-f  in  the  species  quartz. 

C.  Tetartohedrcd  Forms. 


These  forms  are  hemihedral  to  the  Rhombohedron. 

(A)  Ilolomorphic forms ^  like  the  preceding  hemihedral,  the  planes  occur- 
ring equally  in  the  upper  and  lower  range  of  sectants. 

1.  lihomhohedral  tetartohedrism. — Occurring  planes  the  alternate  of 
those  mentioned  on  page  35,  that  is,  the  alternate  planes  r  of  one  base, 
and  I  of  the  other.     They  are  the  r  of  three  alternate  sectants  above,  and 
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tlic  I  of  throe  Bectants  Iwlow  nltematc  with  these.  A  form  of  this  kind 
i:iiiiBUt.'i  of  six  eqiiiil  jilaiiL'^,  cfjimtly  spaced,  and  hence,  equal  In  iticliiia- 
tioiirt,  and  ie  therefurc,  iii  the  ec)in]Jeted  stato,  &  r)i<>iidK>hcdr(iii.  It  occurs 
in  iiicriaccaiiitt!  or  titatiic  inm,  and  in  quartz  (f.  lf*-*t,  i>tiiMcs  1343)- 

a.  Oyroiil'il  or  tm^n-suhMriil  fetiirtd/itvlriim. — Oreiirrinij  planes  the 
ahcriiatc  of  those  iettci-cd  r  or  ^  in  f.  153,  p.  34,  that  ic,  the  aheniato  plaiiea 
r,  or  alternate  I,  of  botli  hases. 


In  f.  185,  tlie  planes  o\  o",  o"\  o",  o'  (4-J,  5-J.  C-f  S-l,  3-»,  the  first 
four  WyA^,  the  last  ?(yi!)are  examples.  The  upi-er  and  lower  or  a  kind  adjoin 
tlie  same  diametral  plane,  but  are  on  opposite  tides  of  it,  and  Uicrefore  the 
three  sectaiits  contauiing  planes  below  are  alternute  witli  the  tliree  above. 
The  solid  made  of  these  six  planes  (f.  184)  has  trapezoidal  faces,  and  ia 
called  a  trigonoPQie  by  Naumuiin. 

The  tetartohedral  planee  on  qnartz  and  ciiinahai-  have  a  remarkable  con- 
nection with  the  circular  polarization  which  is  chniBcteristic  of  tliem 
iKjth,  and  which  is  further  explained  eUcwhere  (]>.  138). 

(B)  Ileiiumiirphic  forinn;  the  planes  occnrrinj;  eitlier  in  the  upper  or 
Uie  lower  range  of  sectants  and  not  in  both. 

There  are  two  kinds  of  forms:  (1)  t\\G  h<-Mi-rIiiinihoheiiron,a.MA  {2)  the 
-.  hemi-HcaleiiDhrdi'oii..     Fi^,  180  ilhistrates  each  of  these 

forms.  The  forni  li  is  properly  heniihedral  at  tlie  two 
e.\trernitios,  its  planes  beinjr  vei-y  large  at  one,  and 
quite  mnall  at  the  other.  So  with  —J.  Another  rhotii- 
Ixihedron,  —2,  occnrs  only  at  the  upper  e.xtremity. 
A;i;ain,  ^*  is  a  homi-scalcnohedron,  the  upper  six  plaaea 
beiuj;  present,  but  not  the  lower. 

The  prism  /  in  this  fij^ure  is  hemili&lrul,  as  cxjtlained 
on  J).  34.  It  is  not  tetartohedral  to  the  hexagonal 
system  in  the  ordinary  view.  Jhit  since  hi  a  vertical 
zone  +711 R,  x)  H,  —nijl,  the  qo/i'  may  be  regarded  as 
tlie  infinite  term  of  either  tlie  +mli  series,  or  else  tlie 
same  of  the  —mR  series ;  and  as  thii4  view  aecoi'ds  with 
the  tetartohedral  character  of  the  rnR  series  in  all  such 
crystals,  it  might  be  ranked  among  tetartohedral  forms. 
From  the  same  point  of  view,  the  ditrigonal  prisms  in  tourmaline  aiid 
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quartz  are  tetartohedral,  since  they  may  be  regarded  as  either  plus  or  minus 
tetartohedral  scalenohedrons,  with  an  infinite  vertical  axis. 

Variable  elements. — In  the  hexagonal  system  the  same  elements  are  vari- 
able as  in  the  tetragonal  (see  p.  30).  In  other  words,  the  position  of  the 
vertical  axis  is  fixed,  but  (1)  a  certain  length  must  be  assumed  as  the  unit 
in  a  given  species,  and  also  (2)  the  position  of  the  lateral  axes  must  be  fixed, 
for,  as  in  1. 144, 146,  either  of  the  hexagcmal  prisms  may  be  made  /  and 
the  other  i-2. 

The  general  charactenstios  of  this  system  which  the  student  must  be 
acquainted  with  are:  (1)  The  planes  constantly  occur  in  threes  or  sixes, 
or  their  multiples  ;   (2)  The  frequency  of  the  angles  120°  and  150°  in  the 

i)ri8matic  series ;  (3)  The  rhombohedral  cleavage,  common  in  species  be- 
onging  to  the  rhombohedral  division.  It  is  also  important  to  note  that 
many  lorms  apparently  hexagonal  really  belong  to  the  orthorhombic  system, 
being  produced  by  twinning  parallel  to  the  vertical  prism  ;  e,g,^  the  appar- 
ently hexagonal  prisms  of  aragonite.  The  close  relation  of  the  two  systems 
is  spoken  of  elsewhere  (p.  46). 

The  planes  of  symmetry  iov  the  holohedral  forms  are  analogous  to  those 
in  the  tetragonal  system ;  that  is,  one  principal  plane  of  symmetry  normal 
to  the  vertical  axis,  and  six  othere  intei-secting  in  this  axis.  These  last 
belong  to  two  sets,  the  planes  of  the  one  cutting  each  other  at  angles  of 
60°,  and  diagonal  to  those  of  the  other. 


IV.— ORTHORHOMBIC  SYSTEM. 

In  the  Oethorhombio  system  the  three  axes  are  unequal  <?,  ?,  rf ;  of  these 
h  is  the  vertical  axis,  i  is  made  the  longer  of  the  two  lateral  axes,  or  the 
mxicrodiagonal  axis,  and  &  the  shorter  lateral,  or  brachydiagonal^  axis.* 

The  different  occurring  forms,  deduced  as  before  from  the  general  ex- 
pression, are: 


mc : 
inc : 
mc  : 
c  :  b 
j  mc : 
( mc  : 


nb  :  a 

[f/ir^ 

\  oo  c  i/nb  :  a 

i-fi 

b  :  na 

[7/i-A 

\  ooc  :  b  :  7ia 

i-ii 

b  :  a 

'fn 

ooc  :b  :  a 

[/] 

:  a 

[1] 

ooc  :  cob  :  a 

i-\ 

oob  I  a 

[m-l_ 

ccc  :b  :  ooa 

i-i 

b  :  coa 

'7n-i' 

Oc:b :  a 

\o^ 

The  abridged  symbols  need  very  little  explanation  additional  to  that  given  on  p.  25.  As 
before,  only  the  essential  part  of  the  symbol  is  given  ;  m  is  written  first,  and  refers  in  idl 
cases  to  the  vertical  axis  (c),  and  n  refers  to  one  of  the  lateral  axes,  whether  the  longer  {b) 
or  the  shorter  (4)  is  indicated  by  the  sign  placed  over  it,  as  /I  or  ft.  When  7i  =  Q0,  this  is 
indicated  by  the  i  hitherto  used,  and  the  sign  is  placed  over  it,  i,  or  I,  with  the  same  signi- 
fication. These  correspond  to  the  symbols  used  by  Naumann,  as  follows:  0=0/^;  t-i= 
00  Pob  ;  i-i=c6  Poo  ;  oo  Pn=i-n  ;   wi*x)  =m-i ;    mP=  m ;  m-ii^mPn,  etc. 


♦  For  the  relation  of  the  axes  thus  lettered  to  those  of  Dana^s  System  of  Mineralogy  and 
of  other  authors,  see  p.  53. 
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A.  HolohedraZ  Forms. 

Pinacoid^. — The  final  case  mentioned  in  the  above  enumeration  em- 
braces, as  before,  the  two  basal  planes,  or  basal  pinacoids ;  the  one  pre- 
cedinor  it  includes  the  two  planes  parallel  to  the  vertical  and  brachydiagoiial 
axes  (c  and  i),  called  the  viacropinacolds^  and  the  third  includes  the  two 
planes  parallel  to  the  vertical  and  brachydiagonal  axes  {c  and  a),  called  the 
oraehypumcoids.  These  three  sets  of  planes  together  form  the  solid  in 
f.  188,  which  is  called  the  diametral  prism.  In  consequence  of  tlie  ine- 
quality of  the  diflEerent  j)air8  of  planes  there  are  only  four  similar  ed^s  in 
any  set;  thus  four  similar  vertical  edges;  four  macrodiagonal  basal  edges, 
two  above  and  two  below,  between  0  and  i-i ;  and  similarly  four  braciiy- 
diagonal  basal  edges  between  O  and  i-l ;  the  eight  solid  angles  ai-e  all 
similar. 
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Prisons. — The  form  ooc  :  b  :  a,  or  I,  includes  the  four  planes  of  the  unit 
prism  which,  in  combination  with  O^  is  seen  in  f.  1S7.  In  this  case  the 
eight  basal  edges  are  similar,  being  made  in  each  case  by  a  similar  pair  of 
planes  O  and  /.  Of  the  verticjal  edges  there  are  two  pairs,  those  at 
theextremity  of  the  axis  <l,  which  are  obtuse,  and  those  at  the  extremity 
of  6,  which  are  acute.  Similarly,  there  are  two  sets  of  basal  solid  angles, 
four  in  each;  for  though  each  solid  angle  is  formed  by  the  meeting  of 
the  same  three  planes,  the  angles  are  different  in  the  two  cases.  The 
form    /  replaces  the  four  similar  vertical  edges  of   f.  188  ;  the   macro- 

Einacoids  i-l  truncate  the  obtuse  vertical  edges  of  the  prism  /,  and  the 
rachypinacoids  i4  truncate  the  acute  vertical  edges  of  /,  as  shown  in  f.  189. 
There  are  two  other  series  of    prisms  with  symbols  (^c  :  7ib  :  a  and 
00  c  :  5  :  na.     In  the  latter  series  the  axis  b  is  made  the  imit ;  the  reason  for 
this  will  be  obvious  when  the  relations  of  the  two  forms  are  explained. 

The  prism  /  meets  both  axes  a  and 
h  at  tlieir  unit  lengths,  as  in  f.  187. 
If,  now,  the  prismatic  planes  meet 
the  longer  lateral  axis  {h)  at  a  greater 
distance,  a  prism  is  formed  such  as 
that  in  f.  190,  whose  symbol  is  i-5,or 
CO  6* :  2i  :  a.  This  is  a  macrodiago- 
nal prism  ;  and  others  might  have 
the  symbols  z-3  (x  c  :  Bh  :  a),  i-i  (qc-  c  :  4J  :  a),  and  so  on,  or  in  general  i-n. 
If  n  becomes  less  than  unity,  the  case  shown  in  f.  191  arises,  where  the 
inner  prism  has  n=iy  and  the  symbol  is  i-^  {oociib  :  a),  still  retaining  d  as 
the  unit  axis.  For  convenience  of  reference,  however,  the  principle  before 
explained  (p.  11)  is  made  use  of,  and  the  plane  is  called  qo  c  :  i  :  2a,  or  i-i  j 
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tlieae  expreesione  and  tlioee  before  given  being  identical,  except  that  in 
the  latter  case  b  is  the  unit  axis.  By  this  inethud  the  use  of  any  fi-actioua 
less  than  unity  is  avoided.  The  inner  prism  i-J,  indicated  by  dotted  lines 
in  f.  191,  then  becomes  the  onter  prism  or  i-i.  The  prisms  of  tlie  genei'al 
form  i-ii,  are  called  brachydiagona!  prisms. 

The  prisms  i-n  bevel  Uie  fi<)nt  and  [■ear  (obtuse)  edges  of  the  pi-iam  /, 
f.  192,  and  the  prisma  i-H  bevel  the  side  (acute)  edges  as  ui  f.  193.  Further, 
the  former,  i-n,  replace  the  edges  between  i-l  and  /  (f.  194),  while  the  i-A 
prisniB  replace  the  edges  between  i-i  and  7  (f.  194). 

Tltis  aeries  of  planes  (f.  194),  from  i-i  to  i-I,  is  another  example  of  a 
zone;  all  the  planes  make  parallel  iutersections  with  each  oilier,  being  alike 
in  that  they  are  parallel  to  the  vertical  axis. 
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Domes. — The  form  mc;  coh  :a  includes  the  four  planes  which  are 
parallel  to  the  macrodiagonal  axis,  and  meet  the  vertical  axis  at  variable 
distances,  multiples  of  the  unit  length  (see  f.  34,  p.  11).  An  example  of 
them  in  combination  with  i-l,  the  bi-achypinacoid,  is  shown  in  f.  196. 
These  planes  are  called  macrodom,e»  (see  also  f.  196). 

19S 


The  forms  mo  :  d  :  ooa  include  four  analogous  planes,  which  differ  in 
this  respect,  that  they  are  parallel  to  the  braehydiagonal  axis,  and  are  hence 
called  hra^kydoirus  (see  f.  35,  p.  11),  In  tliia  case,  the  lon_2;er  lateral  axis 
is  taken  as  the  unit.  Fig.  197  shows  two  such  brachydomes,  1-i  and  2-f, 
in  combination  with  other  forms.  (See  also  f.  198.)  The  word  dome,  used 
here  and  above,  is  derived  from  So/iiJ,  or  domus,  a  houne,  the  foi-m  resem- 
bling the  roof  of  a  house. 

The  combination  of  1-i  with  1-K  is  shown  in  f,  199,  forming  a  retangular 
octahedron,  and  in  f.  200  they  are  shown  replacing  the  solid  angles  formed 
by  /  and  O,  as  in  f.  188.  As  either  of  the  three  directions  may  be  made 
the  vertical,  it  Ib  evident  that  these  domes  differ  from  vertical  prisma  ouly 
in  position. 
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The  o(;cnrrence  of  these  domos  in  ccunbination  with  the  other  forms,  O^ 
i-iy  i'l,  I,  aflEorde  an  illustration  of  tlie  law  of  symmetry  that  all  similar 


200 


parts  must  be  modified  alike.  Thus  in  f. 
18.S,  as  has  been  shown,  there  are  two  sets 
of  solid  angles,  four  in  each ;  one  set  is 
replaced  by  the  four  planes  of  the  form 
7n-lj  and  if  one  is,  all  must  be ;  and  Uio 
other  set  (lateral)  is  replaced  by  the  four 
planes  of  the  form  7/i-X,  f.  200. 

Octahedrons  {or  Fyrataids). — The  sym- 
bol c  :  5  :  a  (1)  belongs  to  the  unit  octahedi-on  (f.  201).  It  replaces  the 
edges  between  the  prism  /and  the  basal  plane  O  (f.  202).     It  also  replaces 
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the  eight  similar  solid  angles  of  the  diametral  prism,  as  in  f.  203.  This 
is  a  special  case  of  the  form  mc  :  5  :  a,  in  which  m  may  have  values  vary- 
ing from  0  to  00 .  Fig.  208,  of  sulphur,  shows  a  zone  of  such  plaiies,  of 
the  general  symbol  imi  :  5  :  a,  with  m=oo  for  1\  also,  7/i=l,  w=J,  7^=^, 
in=\^  and  finally  7/i=0,  for  the  basal  plane  O. 
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The  general  form  in  this  system,  consisting  of  eight  similar  planes,  may 
be  written  either  inc  \nb  \  a  (rti-n)  or  nic  \b\na  (//i-/i).  The  relation  be- 
tween the  two  is  the  same  as  that  between  the  prisms  i-Ti  and  i-h.  Thus, 
in  f.  204,  one  plane  of  the  octahedron  2c? :  2J  :  a  (2-2)  is  given,  and  also  one 
plane  of  another  octahedron  or  pyramid,  whose  symbol  is  26* :  J  :  6t  (2).  If 
n  becomes  less  than  unity,  as  i,  the  plane  has  the  symbol  26*  \^}\  a  (2-J). 
In  order  to  avoid  this  use  of  fractions  the  symbol  is  written  ^G\h  \  2a^ 
that  is,  4-5.  The  plane  is  shown  in  f.  205,  in  its  two  positions  correspond- 
ing to  2c  :  ib  :  a,  and  4:c  :  b  :  2a,  the  two  being  crystallographically  iden- 
tical. 
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Thus  there  are  two  Bcries  of  pyramidftl  planes :  t 
where  tlie  shorter  axis  is  taken  as  the  unit,  and  a 
hrachydiagonal  (m-Jl). where  the  unit  is  the  longer 
lateral  axis;  and  between  the  two  lie  tlie  unit 
oetaliedron  (1)  and  those  of  the  in  series,  jnst  as 
the  prism  I  lies  between  the  prisms  i-ii  and  t-A. 
The  macrodiaeonal  planes  1-2  and  2-3  are  shown 
in  f.  206  and  I.  207.  It  is  also  seen  in  f.  207  that 
the  planes  2-2,  t'-5,  2-2  all  make  parallel  intersec- 
tions with  each  fither  and  wiili  i-l,  being  an 
example  of  a  zone  ivhere  the  ratios  of  the  ver- 
tical axes  are  the  same.  Further  ortliorhombie 
forms  are  displaved  in  f.  208,  of  anlphnr,  already 
referred  to.     The  fnll  sjnibol  of  the  plane  1-S  is 
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B.  Hemihedral  Forms. 

The  hemihedral  fonns  that  have  been  observed  are  of  two  kinds;  1, 
The  tierticatty-obliqiie  (p.  14),  producing  moaocUnie  forms;  and  2,  the 
hemimorpkic,  in  which  the  planers  of  the  octahedmns  or  domes  of  one  base 
have  no  cori-esi>onding  planes  at  the  opposite  extremity.     The  former  kind 


ilumite. 


Calamuie. 


is  illustrated  in  f.  200,  of  the  species  cbondrodite  (var.  humite,  type  III). 
Fig.  210  represents  the  holohedral  form  of  the  same ;  the  planes  ^-i,  \-\, 
24,  are  of  macrodomes  ;  ^-^  ^'^■,  i'h  ^-i,  d  brachydomes  ;  and  theothei-s  of 
various  octahednins,  mostly  in  two  vertical  a^nes,  the  unit  zone  {vio  :  b  %  a\ 
and  the  1  :  2  zone  {ma  :  2b  :  o).  In  f.  209  the  alternate  of  the  macro- 
domes  and  of  the  octahedral  planes  of  the  1  :  2  zone  are  absent  in  the 
upper  half  of  the  fonn,  and  are  present  without  those  with  which  they 
alternate  in  the  lowei-  half.  The  crystal  consequently  resembles  one  under 
the  monoclinic  system. 

DatoHte  was  formerly  cited  as  a  hemihedral  orthorhombic  species,  but  it 
has  been  found  to  be  really  monoclinic.  Furthermore,  ithas  been  recently 
sliown  by  the  author,  by  reference  to  tlie  optical  properties,  tliat  the  chon- 
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drodite  of  the  second  and  third  ty|>c6  (see  p.  305)  is  not  orthorhombic  bnt 
monocUnic^  and  this  must  ho  true  also  of  hiiinit<;.* 

Ilemiuioriihic  forms  characterize  the  species  topaz  and  calamine.  The 
latter  (in  f.  211)  has  only  the  ])Ianes  of  a  heniioctahedron  at  one  extremity, 
and  planes  of  henn'domes  at  the  other.  For  the  pyro-electric  pix)|)erties  of 
such  forms,  see  p.  105. 

Vai'vtbh  element R, — Tn  the  orthorhombic  system  the  lengths  of  the  three 
axes  are  variable,  though  their  i>osition  is  fixed,  and  after  these  ai-e  fixed 
the  choice  of  one  for  the  vertical  axis  must  bo  arbitrarilv  made.  In  other 
words,  given  an  orthorhombic  crystal,  the  three  rectangular  directions  are 
fixed,  but  two  assumptions  must  be  made  which  will  mathematically  deter- 
mine the  length  of  two  of  the  axes  in  terms  of  the  third.  For  instance, 
in  a  crystal,  if  certain  occuiTing  domes  are  adopted  as  the  unit  planes  1-i 
and  1-^,  this  will  determine  the  relative  lengths  of  the  three  axes,  for 
which  two  measurements  will  be  necessary ;  or,  if  an  occurring  octahe- 
dron is  assumed  as  the  unitoctahedixm  (1,)  this  alone  will  obviously  fix  the 
axes ;  but  here,  also,  two  independent  measurements  are  necessary  in  order 
to  enable  us  t</ calculate  their  lencrth,  as  is  explained  later,  p.  74.  Hav- 
ing determined  ujx>n  the  relative  lengths  of  the  axes,  one  of  these  must  be 
made  the  vertical  axis  (c),  and  then,  of  the  two  remaining,  the  shorter  will 
be  the  brachydiagonal  (a),  and  the  longer  the  macrodiagonal  axis  (h). 

In  deciding  these  arbitrary  points,  the  following  serve  as  guides  :  The 
habit  of  the  crystals;  the  relations  of  the  given  species  to  those  allied  in 
composition;  the  cleavage,  which  is  regarded  as  pointing  to  tlmt  form 
which  is  properly  fundamental ;  and  other  consirlerations.  How  arbitrary 
the  choice  generally  is  is  well  shown  by  the  fact  that,  in  a  considerable 
nuinber  of  species  belonging  to  this  system,  difl^erent  lengths  of  axes,  as 
also  difl'Mvnt  positions  for  them,  have  been  adopted  by  different  authore. 
Where  an  optical  exann'nation  can  be  made  of  an  orthorhombic  ciystal, 
the  results  show  w^hat  the  true  ])osition  of  the  axes  is,  in  accordance  with 
the  ])rinciples  proposed  by  Schrauf.  This  subject  is  alluded  to  again  in  its 
proper  place  (p.  147). 

Ihe  ntneral  charncf eristics  of  the  crvstals  of  this  s\^tem  are  not  so 
marked  as  those  of  the  preceding  systems.  The  kind  of  symmetry  should 
be  well  understood,  though,  as  remarked  on  p.  50,  crystals  which  are  in 
appearance  orthorhombic  maybe  really  monoclinic;  the  true  test  of  the 
system  is  to  be  found  in  the  three  rcctantjular  axial  directions.  A  pris- 
matic habit  is  very  common,  the  prisms  (except  the  diametral  prism)  not 
being  square,  also  the  j)rr)minence  of  some  of  the  most  commonly  occur- 
ring* macrodomes  and  brachydomes ;  a  prismatic  cleavage  is  common, 
and  often  a  cleavage  exists  ])arallel  to  one  of  the  pinacoids  (^.<7.,  t-?) 
and  not  to  the  other,  which  could  not  be  true  in  the  tetrao^onal  system  ; 
similarly  the  planes  i-i^  i-l  are  sometimes  physically  different,  e.g.^  in 
regard  to  lustre. 

As  has  ali'cady  been  remarked,  forms  apparently  hexagonal  are  common 
among  certain  species  belonging  to  this  system  ;  this  is  true  in  those  cases 

*  Since  the  above  paragraph  was  put  into  type,  Des  Cloizeaux  has  announced  that  an  opti- 
cal investigation  by  him  has  proved  that  humite  crystals,  of  types  II.  and  III.,  arc  really 
nioru/cli/iic,  as  suggested  above.  The  figures  are  allowed  to  remain,  however,  since  they  illns* 
trate  the  form  which  this  method  of  homihedrism  would  produce. 


MONOOLINIO  SYSTEM. 


47 


where  the  prism  has  an  angle  approximating  to  120°.  It  is  immediately 
evident,  as  is  explained  more  thoroughly  in  the  chapter  on  compound 
crystals,  that  if  three  individual  crystals  are  united  each  by  a  prismatic 
face,  when  the  prismatic  angle  is  near  120°,  they  will  form  together 
a  six-sided  prism,  approximating  more  or  less  cl<>sely  to  a  regular  hexa- 
gonal prism.  Similarly,  under  the  same  circumstances,  the  correspond- 
ing pyramids  will  thus  together  form  a  more  or  less  symmetrical  hexagonal 
pyramid.  This  is  illustrated  by  the  accompanying 
figures  of  witherite,  where  the  prismatic  angle  is  118°, 
3u'.  It  need  hardly  be  added  that  this  is  true  in 
general,  not  only  of  the  vertical  prism,  but  also  of  a 
macrodome  or  brachydome,  having  an  angle  near  120°. 
The  optical  relations  connected  with  this  subject  are 
alluded  to  elsewhere,  p.  147. 

Planes  of  Symmetry. — The  three  diametral  planes 
are  planes  of  symmetry  in  this  system,  and  they  are  the  only  ones. 
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In  the  MoNOOLiNic  system  the  three  axes  are  un- 
equal in  length,  and  while  two  of  them  have  rectan- 
gular intersections,  the  third  is  oblique.  The  position 
usually  adopted  for  these  axes  is  as  shown  in  f.  214, 
where  the  vertical  axis,  c,  and  lateral  axis,  5,  make 
retangular  intersections,  The  same  is  true  of  b  and 
a,  while  c  and  d  are  oblique  to  one  another. 

The  following  is  an  enumeration  of  the  several 
distinct  forms  possible  in  this  system,  deduced,  as  be- 
fore, from  the  general  expression  : 
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The  abridged  symbols  correspond  to  those  in  the  orthorhombic  system,  explained  on  p.  42. 
The  only  point  to  bo  noted  is  that  where  n  or  i  relates  to  the  clinodiagonal  axis,  d,  this  is 
indicated  by  an  accent  placed  over  it,  as  w-i,  m-il ;  but  in  m-t,  and  w-n,  etc.,  f'  and  n  refer 
to  the  orthodiagonal  axi&  Naumann  wrote  these  mPoo ,  and  mP/i,  or  else  with  the 
accent  across  the  initial  letter  P.  The  minus  signs  are  used  in  the  same  way  as  by  Naumann 
(see  p.  76). 

Pinacoids. — As  in  the  orthorhombic  system,  there  are  three  pairs  of 
plnacoidal planes :  the  base  O=0c  :  b  :  a;  the  orthopinacoid^  parallel  to  the 
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ortlio-axis  (J)  oo  <? :  ao  J  :  ^,  or  i-i ;  and  the  dh^ojujiacoil^  parallel  to  the  in- 
clined  axis  (Vi),  oor  :  b  :  x  a,  or  i-i. 

In  the  solid  (tliU))  or  diametral  prism  formed  of  theae  three  pairs  of 
planeo,  the  four  vertical  edges  are  similar,  and  this  is  also  true  of  the  four 
edges  l»et\veeu  O  and  i-l.  On  the  other  hand,  the  four. remaining  edges  are 
of  two  sets;  that  is,  the  edge  in  front  ahove  is  similar  to  this  edge  l)e- 

hind  and  l>elow,  for  the  angles  are  equal 
and  inclosed  hy  similar  planes;  hut  these 
edges  are  not  similar  to  the  remaining 
two,  since,  though  the  planes  are  the 
same,  the  inclosed  angles  are  unequal  to 
the  former.  Further,  there  are  two  sets 
of  solid  angles,  two  in  front  and  two  dia- 
gonally opiX)site  l>ehind,  heing  alike  ob- 
tuse angles,  and  the  other  four  alike  and  acute. 

/V/j«<//?v.— In  consequence  of  the  similarity  of  the  vertical  edges  of  the 
diametral  prism,  they  must  all  be  replaced  if  one  is  ;  this  is  done  by  the 

unit  prism  /  (x)  e  :  b  :  <i),  in  f.  :^15,  217* 

Of  the  other  j)risms,  each  obviously  consist- 
ing of  four  planes,  there  are  two  series,  the 
orthfKliagonal,  ?-//,  and  cliniKlingonal,  ?'-/<, 
bearing  the  same  relation  to  each  other  as 
the  macro-  and  brachy-diagonal  prisms  in 
the  oithorhombic  system,  in  fact,  the  same 
explanation  may  be  made  use  of  hero.  Fig. 
217,  of  a  crystal  of  datolite  from  Toggiana, 
shows  the  pinacoid  planes,  as  also  the  unit 
prism,  /,  and  the  dinodiagonal  prism,  «-l 

CVnunhmKH. — The  form  w-5  {mc  :  J  :  oca) 
includes  the  four  planes  parallel  to  the  dino- 
diagonal axis,  and  meeting  the  others  at  variable  distances.  They  are  analo- 
gous to  the  brachydomes  of  the  orthorhoml)ic  system.  There  are  four  of 
these  planes,  because  the  two  axes,  c  and  Ik  make  rectangular  intereections. 
This  is  also  s(»en  in  f.  21.S,  since,  fis  luis  been  remarked,  the  four  dino- 
diagonal edges  in  f.  215  are  similar,  and  hence  are  simultaneously  replaced 
by  these  clinodcnnes. 
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Orfhodfnuii^. — Of  the  general  form,  mc  :  x  i  :  «,  there  are  two  sets  of 
planes,  two  in  each,  both  of  which  are  alike  in  that  they  are  parallel  to  the 
vertical  (c)  and  orthodiagonal  {b)  axes  (see  f .  219).  They  are  unlike,  how 
ever,  in  that  two  are  opposite  an  obtuse  angle,  and  two  oj^posite  the  acute 
angle.     Consequently  these  two  paii-sof  planes  are  distinct,  and  must  occul 
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independently  of  each  other.  To  distinguish  between  them,  those  belonging 
to  the  obtuee  sectants  receive  the  minus  sign  (— m-i),  and  those  belonging 
to  the  acute  sectants  the  plus  sign  (+//i-i),  f.  219.  This  same  point  is  illus- 
trated by  f .  220,  where,  as  has  been  remarked,  the  obtuse  edges,  above  in 
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front,  and  below  behind,  are  similar,  and  are  hence  replaced  by  planes  of 
the  —m-i  series,  while  the  remaining  two  (f.  221),  are  also  similar,  and  are 
replaced  by  +m-i  planes. 

Hemi-octahedrons, — The  same  distinction  of  plus  and  minus  belongs  to 
all  the  pyramidal  planes,  and  the  signs  are  used  in  the  same  way.  For 
each  form  there  are  only  four  similar  planes. 

The  m  series  is  that  of  the  unit  octahedrons,— properly  hemi-octahe- 
drons, or  hemi-pjTamids  -f-m  and  —m.  The  form  made  up  of  -1-1  and  —1 
is  seen  in  f .  223,  and  in  f .  222  the  same  planes  are  in  combination  with  the 
three  pinacoids. 

The  general  form,  +m-n,  — m-n,  and  -fm-A,  —  m-n,  give  each  four  simi- 
lar planes.  They  bear  exactly  the  same  relation  to  each  other  as  the  m-n 
and  m-n  of  the  orthorhombic  system,  so  that  no  additional  explanation  is 
needed  here  in  regard  to  them. 

The  figure  (f.  217)  of  datolite  may  be  referred  to  for  illustrations  of  the 
different  forms  which  have  been  named.  There  are  here  three  different 
clinodomes  |-i,  24,  and  4-i,  each  comprising  four  planes ;  a  minus  hemi- 
orthodoine  (opposite  the  obtuse  angle),  —  2-i,  and  also  a  plus  orthodomc, 
-4-2-i  (these  two  planes  are  quite  distinct,  though  numerically  the  symbols  are 
the  same) ;  moreover,  of  hemi-octahedrons  of  the  unit  series,  there  arc  ~4, 
— I,  and  -f4,  +2,  -H|,-f  1,-f-f,  +f ;  also  of  orthodiagonal  pyramids,  —4-2, 

—6-3,  also  +2-2,  and  of  clinodiagonal  planes,  —8-^,  and  -i-12-f.  A 
careful  study  of  a  few  such  figures,  especially  with  the  help  of  models,  will 
give  the  student  a  clear  idea  of  the  symmetry  of  this  system.  It  will  be 
noticed  that  all  the  planes  above  in  front  are  repeated  below  behind,  and 
those  below  in  front  appear  again  above  behind.  More  important  than 
this,  it  will  be  seen  that  the  clinodiagonal  diametral  plane  divides  the  crys- 
tal into  two  symmetrical  halves,  right  and  left;  in  other  words,  as  remarked 
later,  it  is  a  plane  of  symmetry. 

Uemihedral  forms  occur  of  a  hemimorphic  character,  in  which  the  planes 
about  the  opposite  extremities  of  the  orthodiagonal  axis  are  unlike  a  plane 
of  one  or  more  liemi-pyramids  occurring  at  one,  without  that  corresponding 
at  the  other,  as  in  tartaric  acid,  anmionium  tartrate,  etc. 

With  many  monoclinic  crystals  the  obliquity  is  obvious  at  sight ;  but  with 
many  others  it  is  slight,  and  can  be  determined  only  by  exact  measurements. 
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In  datr>litc  it  is  only  six  minntes.  The  character  of  the  STmmetrr  exhibits 
fiirthf.T  tlie  obliqiiitv.  But,  a-  seen  alN»ve,  both  —  and  —  planes  of  the  sanie 
value  do  rxrcur  toj^etlier.  and  tb»ut:h  they  are  really  distinct  yet  they  may 
^ive  a  inoiKK'linic  crystal  the  asfK*<:t  of  an  »>rth»jrh*'mhic  cryftal.  On  the 
other  hand,tnie  orthorhoinhic  <'n?tal«  inav  b»e  hern ihedral.  and  thus  mav  be 
laouorfiriif:  in  the  r*hanicterof  the  ?yniinetiy  ([».  45 ». 

Vnriahh:  eJ/:in^/itJf. — In  the  nionoclinie  svsteni.  tiie  onlv  element  which  is 
fixed  is  the  position  of  the  ortho«liagjinal  axis»^M  at  right  angles  to  the  plane 
in  which  the  other  axes  must  h'e.  i  he  lengths  of  tliese  axes  must  obviously 
he  as>uinod  in  the  same  way  as  in  the  prei*e«Jing  system;  but,  further  than 
this,  their  jx»sition  in  the  given  plane,  and  the  an;:le  they  make  with  each 
other,  are  liotli  arbitrary:  in  other  wonls,  any  plane  in  the  zone  at  right 
an<^!('S  to  the  clinopinacoid  may  he  taken  as  the  base  \fh  and  any  other 
art  the  orthopinacc»id  {i-i)>  The  existence  of  a  prismatic  cleavage,  or  one 
parallel  to  a  plane  in  the  orthcKliagonal-  zone  often  j>oints  to  the  planes  which 
are  reallv  Xa  lie  considered  fundamental.  In  manv  cases  it  is  considered 
dcHirable  to  assume  an  angle  near  90^  as  the  angle  of  r»!»liouity,  so  as  to  show 
the  degree  of  divergence  from  the  rectaiigidar  tyjM?.  It  need  hardly  l>e 
adde<l  that  authorities  differ  widely  both  as  to  the  position  and  lengths 
given  to  the  axes  of  the  sjiuie  sj)ecies. 

Phine  of  Hifimnetrij, — Monoclinic  crN'stals  have  but  one  plane  of  sym- 
metry, the  dianietral  plane,  in  which  tlie  vertical  and  clinoiliagonal  axes 
lie,  that  is,  the  plane  parallel  to  the  clinopinact»ids.  The  maximum  nnm- 
ber  of  similar  planes  for  any  form  is  four,  and  it  will  be  noticed  that 
tiiere  is  no  single  form  which  alone  can  enclose  a  space,  or  form  a  geome- 
trical solid. 


VI.— TRICLINIC  SYSTEM. 

In  the  TmcLiNic  SYSTEM  the  three  axes  ai*e  unequal,  and  their  intersectioiiB 
arc  mutually  oblique.  In  consetpience  of  this  fact,  there  is  no  plane  of 
symmetry.  Only  diagonally  opjK>site  octants  are  similar;  there  can  conse- 
(juently  be  only  two  ]>lanc6  of  any  one  kind.  There  are  no  truncations  or 
bevclnients,  an<l  no  interfacial  angles  of  90°,  135°,  or  120°.  The  prisms 
are  all  ^7y///>/'//<WA<,  and  the  octahedrons  tetarto-octahedrons. 

The  lateral  axes  are  called  the  maorodiaffonal  (i),  and  the  hrachydia^o- 
nal  {d).     In  f.  225  the  diametral  prism  (made  up  of  three  paire  of  different 
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j)lanes)  is  represented,  and  in  f .  224  the  unit  prism.  To  the  latter  is  added 
(in  f.  22<»)  one  plane  —1  on  two  diai^onally  opposite  edges,  which  are  two 
out  of  the  eight  of  the  unit  octaliedron  (f.  227).     This  octahedron,  as  will 
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be  seen,  is  made  up  of  four  sets  of  different  planes.  The  different  kinds 
of  planes  are  distinguished  by  the  long  or  short  mark  over  the  n  (?T,or  ^) 
and  also  by  giving  those  which  occur  m  the  right-hand  octants,  in  front, 
an  accent ;  those  above  (in  the  obtuse  octants)  are  minus,  and  the  others 
plus.  The  form  m-h  consequently  may  be  —in-h^  or  — m-zi,  -f  t/i-tI',  or 
-\-m^fi ;  and  similarly  with  m-a.  In  f.  228  the  imit  prism  is  combined  with 
a  hemidome  and  a  vertical  plane  parallel  to  the  brach]§liagonal  section. 

The  forms,  although  oblique  in  every  direction,  may  still  be  closely 
similar  to  monoclinic  forms  of  related  species. 
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Anorthite. 


Axinite. 


The  annexed  figures  are  of  triclinic  species.  In  f.  229,  of  anorthite,  of 
the  feldspar  group,  the  form  is  very  similar  to  those  of  the  monoclinic 
feldspar,  orthoclase ;  in  orthoclase,  O  on  the  brachydiagonal  (clinodiagonal) 
section  is  90^,  whence  it  is  monoclinic,  while  in  anorthite  this  angle  is  85 
50',  or  4°  10'  from  90°,  and  this  is  the  principal  source  of  the  diversity  of 
angle  and  form. 

Fig.  230  represents  one  of  the  crystalline  forms  of  axinite,  nearly  all  of 
which  fail  of  any  special  monoclinic  habit. 


MATHEMATICAL  CRYSTALLOGRAPHY. 


^Introductory  remxirhs  on  the  proper  %ymhol  of  each  plane  of  a  general 
cry8t<tUine  form, — Hitherto  the  symbol  mo  :  ni  :  a  has  been  employed  to 
express  the  general  position  of  all  the  planes  comprising  any  crystalline 
form,  and  it  has  been  shovm  that  there  are  in  some  cases  forty-eight  similar 
planes  answering  to  the  general  symbol,  and  in  other  cases  only  two.  In 
order,  however,  to  express  the  exact  position  of  each  individual  plane  be- 
longinjj  to  such  a  form,  it  becomes  necessair  to  resort  to  the  methods  of 
analytical  geometry.  As  shown  in  f.  231,  the  portions  of  the  axes,  when 
the  centre  is  the  starting  point,  which  lie  above^  to  the  rights  and  in  front 
of  the  centre,  are  called  plu-s  (+) ;  the  corresponding  portions  of  tlie  axes 
measured  from  the  centre  below,  to  the  left,  and  behiiia,  are  called,  for  the 
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sake  of  distinction,  minics  (— ).  The  planes  of  the  first  qnadrant  (see  also 
f.  232)  are  all  positive  (  +  );  the  planes  of  the  second  j)08itive  (4-)  with 
reference  to  the  axes  c  and  a,  but  negative  (— )  with  reference  to  6 ;  in  the 
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third,  both  lateral  axes  are  negative  (— ) ;  in  the  fourth  quadrant  the  planes 
are  positive  in  regard  to  g  and  J,  l)ut  negative  with  respect  to  a.  The 
lower  quadrants  are  respectively  similar,  except  that  the  vertical  axis  is 
always  negative.  The  symbols  for  each  plane  of  the  orthorhoinbic 
octahedron  (f.  231),  taken  in  the  same  order,  will  be  as  follows  . 

Above,  +c  :  -hi  :  -f«;  -fc  :  — J  :  +a;  -hc:  —b  :  —a;  +c  :  -^h  :  —a. 
Below,  —6* :  +b:^  +a;  —c  :  —b  :  -f«;  —c:—b:  —a;  — c* :  +4  :  — a. 

The  hexoctahcdron  {rna  :  na  :  a)  may  be  taken  as  another  example.  The 
general  symbol  of  the  form  of  f.  247,  p.  64,  is  3-|  {Sa  :  |a  :  a),  but  the 
symbol  of  each  plane  is  distinct.  The  same  principle  applies  here  as  in  the 
other  case.  Several  of  the  planes  in  f.  247  are  numbered  to  allow  of 
convenient  reference  to  them  as  examples,  the  appropriate  symbols  are 
written  below ;  the  order  in  the  symbols  is  the  same  iis  that  uniformly  used 
in  the  work:  Ist,  the  vertical  axis  (c) ;  2d,  the  lateral  axis  extending  right 
and  left  {b) ;  and  3d,  the  lateral  axis,  in  front  and  behind  (a). 


c      b       a 

c          b     a 

1  —  Sa  :  la  :    a 

6  =      Sa:       a:  ^a 

2       ^  :  Sa  :    a 

7  =  —Sa  :     ^:    a 

3        a:Sa  :  ^ 

8  =  Sa  :        a\  ^a 

4  =    a  :  ^a  :Sa 

9  —     la:  —Sa  :    a 

5  =  |«  :    a  :  Sa 

10  =  —Sa  :  —fa  :    a,  and  so  on 

It  will  be  evident  from  these  examples  that  to  express  the  position  of 
an  individual  plane  the  numbers  expressing  its  relations  to  the  three  axes 
must  all  be  regarded,  each  with  its  appropriate  sign  ;  in  other  words,  *the 
values  of  7/i,  n,  r,  in  the  general  form,  inc  :  nb  :  ra^  must  all  be  given,  one 
of  them  being  unity;  7/i  always  refers  to  the  vertical  axis,  c;  n  to  the 
lateral  axis,  b\  r  to  the  lateral  axis,  a ;  as  has  already  been  I'emarked,  a 
is  usually  made  the  unit  axis.  In  the  example  last  given  the  axes,  being 
all  equal,  are  all  called  a. 
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Reference  mnst  be  made  here  to  the  method  of  lettBrinif  the  ozefl  adopted  in  this  work. 
The  usage  of  the  majority  of  anthers  is  followed,  and  the  iabjeot  ii  iUnstiated  in  the  fol- 
lowing table. 

laomeolc.       Tnian.  (Ueiic.)         Onhnrlioinblc.  T 


(Weil 


«.)) 


Miller'B  School, 

HohB,  Nanmann,  a  a  a  b  "  \  a  f  k 

Dana  (System  1888)     a  a  at  b  i"  "  " 

It  is  oeitunly  veiy  desirable  to  indicate  to  which  axis  each  letter  refers  by   the  mark 
placed  atwTe  it ;  in  doing  which,  we  follow  Klein's  BiitlcUaiig  in  die  Kr^ttaJibtreeAnung. 


DBTEBMmATiON  OF  PLASKB  BT  zassa. 

Tlie  subject  of  zones  has  been  briefly  explained  on  page  i,  a»d  various 
examples  have  been  pointed  out.  The  principle  is  one  ur  the  highest  im- 
portance, both  practically,  since  it  gives  the  means  of  determining  the 
symbols  of  many  planes  without  cafcnlation,  and  also  theoretically.  The 
iitw  of  zones,  which  states  simply  that  the  planes  of  a  crystal  lie  in  zones, 
ia  one  of  the  moat  important  of  the  science,  and  second  only  to  tliat  of  tlie 
rationality  of  the  indices.  The  planes  of  a  crystal  thus  may  be  said  to  be 
connected  together  by  these  zonea,  a  single  plane  often  lying  in  a  large 
number  of  zones. 

Parallelism  in  the  combination  edges,  or  mutual  intersections  of  ])lanes, 
is  based  upon  some  common  geometrical  ratio,  and  this  common  ratio  be- 
longs to  the  symbols  of  all  the  planes  of  tlie  zone. 

All  planes  which  lie  in  the  same  zone  will  give  exactly 
parallel  reflections  with  the  reflective  goniometer,  as  explained 
on  p.  87.  This  is  the  only  decisive  teat,  and  wheo  possible 
should  be  made  use  of,  since  combmation-edgea  often  appear 
parallel  when  the  planes  forming  them  are  not  really  in  the 
same  zone.  Furthermore,  inasmuch  as  parallel  intersections 
are  observed  between  planes  of  a  zone  only  when  they  actually 
intersect,  the  goniometer  may  often  serve  to  det«ct  the  ex- 
istence of  zones  not  otherwise  manifest. 

In  f.  194.  p.  45,  the  ]jlanes  i-\,  i-a,  /,  i^s.  i-i,  all 
lie  in  a  vertical  zone,  and  they  are  all  obviously 
alike  in  this,  that  they  are  parallel  to  the  vertical 
axis ;  in  other  words,  the  common  value  c  =  oo  be- 
longs to  thein  all.  Again,  in  the  zone  O,  \-l,  2-i, 
«-i,  etc.  (f.  197,  p.  43),  tlie  planes  are  alike  in  that 
they  are  all  i»arallel  to  the  brachy diagonal  axis ;  in  other  words,  d!  =  «  ia 
true  of  all  of  them.  Still  again,  the  pyramidal  planes  \,  1,  2  (f .  150,  p.  33), 
are  also  in  a  zone  between  O  and  /,  and  here  the  ratio  1  :  1  for  the  lateral 
axes  applies  to  all ;  also,  1-2,  2-2,  4-2,  are  in  a  zone  from  0  to  i-2,  and  for 
them  the  lateral  axes  have  the  ratio  1:2,  In  the  case  of  an  oblique  zone, 
as  i-i,  8-S,  2-i,  1,  etc.  (f.  233),  this  fact  is  lees  evident  on  inspection,  but  is 
equally  true,  as  will  be  seen  later.     The  common  ratio  in  this  case  is  7a  =  r. 

Since  all  the  planes  of  a  zone  have  a   common  ratio,  which  has  been 
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shown  to  be  true  in  several  examples  but  also  admits  of  rigid  proof, 
it  is  evident  that  a  plane  which  lies  in  two  zones  has  its  position  deter- 
mined by  that  fact,  since  it  must  answer  to  two  known  conditions.  In 
other  words,  the  algebraic  et^uation  of  a  zone  is  known  when  the  pai-ame- 
tei*s  of  two  of  its  planes  are  given,  for  they  are  sufficient  to  determine  tlie 
common  ratio,  and  by  combining  them  the  zone  equation  is  obtained ;  and 
further,  when  the  equations  of  two  zones  are  given,  combining  them  will 
give  the  c(juati(;n,  that  is,  the  parameters,  of  the  plane  common  to  both. 

The  general  equation,  derived  from  Analytical  Geometry,  for  any  plane 
f)ic  :  nh  :  /v/,  making  parallel  intersections  with  the  planes  me  :  n^o  i  r'a 
and  m"c  :  n"h  :  r"a  is, 

M  _^N      It      ^^    .      ^ .  , 

—  H -h  —  =  0;  mwhicli, 

Jf  =  77lW(;^V'-n'V');  N=  n'n"  {/m''-r''m');  R  =  r'r"  {jn'n"-m"ny 

By  substituting  the  values  of  the  parameters  of  two  given  planes  for  7/ir', 
n\  r\  and  7/i/\  W\  r"  in  the  zone  equation,  a  derived  equation  is  obtained 
which  expresses  the  relations  between  7/i,  7i,  r  oi  all  the  planes  of  the  zone. 
The  form  of  the  general  zone  equation  is  so  symmetrical  that  the  calcula- 
tions are  in  any  case  quickly  and  easily  made  by  a  method  analogous  to 
that  used  in  Miller's  system  (as  suggested  by  Prof.  J.  P.  Cooke).  If  we 
write  tlie  parameters  in  parallel  lines,  repeating  the  first  two  terms,  we 
have 


m''  ,  n''   /\  t"    /\  m"   /\  n" 


and  it  will  be  seen  that  the  coefficients  3/",  iV^,  R  are  found  by  multiplying 
together  the  parameters  in  the  manner  which  the  scheme  indicates. 

M=  m'm"  (;iV"-/7i").  iVr=  nn!'  {r'm'-mV).  R  =  rV  {mn'-n'm'). 

Take,  for  example,  the  zone  of  planes  between  i-i  and  1  (f.  233).  For 
i-i,  7th'  =  i^  n'  =  l,r'=i;  for  1,  m"  =  1, 7i''  =  1,  /•"  =  1  ( i  =  cx) ) ;  hence 
tlie  scheme  becomes 

1  ,  1   /\    1   A   1    A   1 
and  for  the  several  values  of  the  coefficients 

Jjr=r(l~i)=  -^2     iV^  ==  1  (^-^)  =  0.    ^  =  i(i-l)  =  tr 

This  reduces  the  zone  equation  to  m  =  r  (after  dividing  by  ^^  =  oo  ^,  and 
to  this  all  the  planes  of  tlie  zone  conform.  So  also  for  the  zone  of  l-t^  /, 
3-f ,  1-?,  etc.,  in  f.  ii34.  The  parameters  of  the  plane  /  and  1-i  arranged  as 
above  give 

i     1     1    i     1 

1    i     1     1     i 

and  the  values  of  Jf,  iT,  ^  are  —  ^^  —  i ,  and  -\-i?  respectively.    Hence  the 
zone  equation  becomes 

+    —  =0; 
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234 


and  if  r  =  1,  the  general  formula  n  =  — ^r  ^^  derived.  Between  t  :1:  1  (/) 

and  1  :  i  :  1  (l-l)  the  values  of  n  are  positive,  as  with  the  series  of  planes 

i:  l-iil'i;  Qoi^bia;   5  :  | :  1 ;  4 :  f  :  1 ;  3  :  f :  1 ; 

2:2:1;  f  :  3  : 1,  etc.,  1  :  i  :  1.    Between  1 :  i  :  1 

and  i  the  values  of  n  are  negative,  that  is,  are 

measured  on  the  back  half  of  the  axis  b ;   as,  for 

example,  |:— 4::l;f:— 3:1;  |:— 2:1;  i: 

—1:1.     As  the  zone  continues  on  from  i  :  —1:1 

to  1 :—  1  :  ±i  (l-t),  and  i  :  —1 :  —1  (/),the  unit 

axis  is  changed,  making  ?i  =  —1.    The  zone  equa- 

—  7/1 

tion  then  becomes  r  = r,  the  values  of  r  bciuij 

711— V  " 

positive  between  ^  :  —1:1  and  1  :  —  1  :  db  i,  and 
negative  between  1  :  —  1 :  ±  i  and  i  :  —1  :  —1. 
The  successive  planes  are  $  :  —1:2;  f  :  —1:3; 

-1:4:    l:-l:±i;    |:-l:-4;    3:_i._3.    i»  :  -1  :  -2, 


fe 


3 

oth  figures  233  and  234  are  illustrations  of  this  zone. 


etc. 


I^  the  student  will  select  a  variety  of  examples  of  zones  from  the  figures  in  the  descriptive 
part  of  this  work,  and  will  apply  the  zone  equation  as  given  above  to  them,  paying  special 
attention  to  the  signs  of  the  parameters  of  each  plane,  he  will  soon  find  that  the  apparent 
difficulties  of  the  subject  disappear. 
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EXHIBITION  OF  TUB  Z0NB-RELATI0N8  OF  DIFFERENT  PLANES  BT  MEANS  OF  METHODS  OF 

PROJECTION. 

The  relations  of  the  different  planes  of  a  crystal  are  to  some  extent  exhi- 
bited graphically  in  such  figures  as  have  been  already  given.  Other  meth- 
ods, however,  are  used  which  have  special  advantages.  The  two  most 
important  are  briefly  mentioned  here. 

1.  Quenstedth  method  of  jn^ojection. — In  this  method  the  planes  of  a 
crystal  are  projected  upon  a  horizon tnl  plane,  usually 
that  of  the  base  {O).  Every  plane  is  regarded  as  pass- 
ing through  the  unit-length  of  the  axis  which  is  taken 
as  the  verti(-al ;  these  planes  consequently  appear  as 
straight  lines  intersecting  each  other  on  the  plane  of 
projection. 

The  following  are  examples.  In  f .  235,  of  galenite, 
there  are  present  the  planes  of  the  cube,  octahedron, 
dodecaheciron,  and  tetragonal  trisoctahedron  |-J.  In 
the  projection  (f.  236)  the  plane  of  the  paper  is  taken 
as  that  of  the  cubic  plane,  tue  two  equal  lateral  axes  {a) 
are  shown  in  the  dotted  lines,  and  the  vertical  axis  is  perpendicular  to  the 
plane  of  the  paper  at  their  point  of  intersection.  Any  arbitrary  length  of 
the  lateral  axes,  as  ca^  is  taken  as  the  unit.  One  of  the  cubic  planes  coin- 
cides with  the  plane  of  the  paper,  and  the  others,  since  they  arc  supposed 
to  pass  through  the  unit  point  of  the  vertical  axis,  coincide  with  the  projec- 
tions of  the  lateral  axes,  and  are  marked  jBT,  H, 

The  octahedral  planes  (1)  appear  as  lines  connecting  the  unit  lengths  of 
the  equal  lateral  axes  ;  of  the  dodecahedral  planes,  four  pass  each  through 
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tlie  cxtremitv.  of  one  lateral  axis,  and  parallel  to  the  other,  and  fonr  othera 
Hrv  dia^mal  liiit-B  jtassiiig  tlii-oiigh  the  eentre;  they  are  marked  i  in  the 
%nrc.  The  other  j.lanoB,  |- j,  wlien  pajwhifi  through  the  unit  point  of  the 
vertical  axis,  ai-e  rein-eseiited  bv  the  symbols  1  :  f  ;  1,  and  1:1:8,  ai'd 
1 :  }  :  |,  in  tlie  Qnt  quadrant,  antl  similarly  in  the  other  three. 


■^ 

\^C^ 

-// 

.  \ 

m 

/ 

.^ 

'^^W^"' 

k 

quadrants,  tlic  twel 


Tlie  xui'j^etion  of  the  first  of  these  planes  is  the  line  joining  the  points  j; 
((■X  =  i  of  ca')and  a' ;  that  of  theeecotid  plane  is  the  line  joininn;  the  points 
a' and  !/{ci/  —  iof  c(i');  that  of  the  third  plane  is  the  line  joining  the  points 
3'  and  2'  (rs'  =  t^  --4  of  «().  The  same  method  is  followed  in  the  other 
;welvelinc8,  lightly  drawn,  in  the  fignre  are  the  projections 
of  the  twelve  corresponding  planes  of  the  form  '-J. 

Fig.  iJ37,  238,  give  another  example  (topaz)  from 
the  orthorhoinhie  system.  The  dotted  lines,  as  before 
(f.  23S),  show  the  lateral  axes  on  which  the  relative 
unit  lengths  of  /'  and  &  belonging  to  this  species  have 
been  marked  oft  (b  =  l.Hii-2,  a  =  1).  The  fonr  lines 
passing  through  those  nnit  innnts,  a  and  /'.  are  the  pro- 
jections of  the  unit  octahedron  1.  The  unit  prism,  /, 
IS  projected  in  lines  parallel  to  these,  and  passing 
through  the  centre.  The  ()rism  i-5  also  passes  thi-oiign 
the  centre,  bnt  the  direetion  is  that  of  a  line  joining 
the  unit  length  of  the  axis  />  with  two  times  tlmt  of  d. 
The  symbol  of  the  oetaliedron  J{  =  jc  :  J :  a),  becomes, 
on  supposing  the  plane  to  pass  through  the  unit  point 
a:  ^'.^a,  and  it  is  consequently  projected  in  the  lin« 


//  7  '   ri\ 


of  the  vertical  axis 
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joining  the  points  t  (Gt=  i  of  cb),  and  s  (cs  =  ^ot  cay  The  symbol  of  the 
l)lane|-2  (=  |<? :  J  :  2a)  becoraes,  on  the  same  condition,  c? :  fi  :  ^,  and  its 
projection  Hues  consequently  connect  the  points  t  {ct  =-\  of  oJ)  and  n  {cu 
~  \oica).  The  same  method  is  followed  in  the  other  systems;  in  the 
hexagonal  there  are  on  the  plane  of  projection  three  equal  lateral  axes 
cutting  each  other  at  angles  of  60°. 


It  will  be  seen  from  these  examples  that  planes  in  a  zone  all  pass 
through  the  same  point  of  intereection  ;  as  inf. 234,  O^  f-f,  l,i(tf«),and, 
f.  237,  /,  i-2,  i-l  {c) ;  this  is  also  true  mathematically  of  the  planes  O^  1,  f , 
/,  whose  projections  are  parallel.  This  principle,  which  follows  immediately 
fi'om  the  tact  stated  above  that  planes  in  a  zone  have  a  common  ratio  for  two 
of  the  axes,  is  very  important.  If  a  given  plane  lie  in  two  zones  its  projection 
must  necessarily  pass  through  the  two  points  of  intersections  which  belong 
to  each  of  these  respectively,  and  consequently  its  position  is  determineo! 
The  plane  on  f.  237  which  has  no  written  symbol  for  instance,  lying  in 
the  zone  with  f  and  f ,  and  the  zone  with  1  and  2-2,  must,  when  projected, 
pass  through  the  intei-section  point  (f.  238)  8  of  the  former  zone,  and  also 
through  V  that  of  the  second  zone.  The  plane  itself,  then,  is  one  which 
meets  the  vertical  axis  at  its  unit  length,  the  axis  h  obviously  at  an  infinite 
distance,  and  the  axis  a  at  a  distance  f  of  its  unit  length  ;  hence,  the  sym- 
bbl  is  6' :  00  6  :  fa,  or  |c  :  oo  J  :  a  (|-^)  in  the  form  it  is  usually  written.  In 
raanv  cases  the  ratios  of  the  lateral  axes  are  obvious  at  sight,  as  here  ;  in 
every  case,  however,  the  position  of  the  zonal  point,  and  of  the  two  points 
of  intei*t>ection  on  the  axes,  admits  of  exact  determination  by  a  series  of 
simple  equations. 

These  equations  it  is  unnecessary  to  add  here ;  reference  for  them  may 
be  made  to  Quenstedt's  Crystallography,  or  that  of  Klein,  mentioned  on 
p.  59.  This  method  is  of  so  general  use  and  of  so  easy  application  that 
every  student  should  be  familiar  with  it.  Its  advantages  are  that  it  leads 
to  a  clearer  comprehension  of  the  relations  of  the  different  forms,  showing 
immediately  all  the  zones  in  which  they  lie,  and  in  many  cases — without  tlie 
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use  of  equations — suffices  to  determine  the  symbols  of  an  unknown  plane, 
and  that  more  simply  than  by  the  use  of  the  zonal  equation.  The  general 
principles  contained  in  the  meth<xl  have  been  made  by  its  proiK>8er  (Quen- 
stedt)  the  l)a.sis  of  an  ingenious  and  philosophical  system  of  Crystallography 
(Grundriss  der  bestinnnenden  und  rechnenden  Kiystallographie  vou  Fr. 
Aug.  Quenstedt,  Tubingen,  1873). 

2.  ISphsricdl  projection  of  Neumann  and  Miller, — In  this  subje(5t,  as 
viewed  by  Miller,  a  crystal  is  situated  within  a  sphere  so  that  the  centres  of 
the  two  coincide.  If  now  perpeudiculare,  or  normals,  be  dmwn  from  this 
centre  to  each  phine,  and  be  produced,  they  will  meet  the  surface  of  the 
sphere,  and  these  normal  points  will  determine  the  position  of  each  plane. 
If,  then,  this  sphere  is  regarded  as  pi-ojccted  upon  a  liorizoutal  plane  it  will 
a})pear  as  a  circle,  and  the  various  normal  points  will  occupy  each  its  pro- 
per position  on  or  within  this  circle.  This  will  be  made  more  clear  by  an 
example.  If  the  crystal  (f.  237)  be  supposed  to  occupy  the  centre  of  a 
sphere,  and  if  the  terminal  plane  coincide  with  the  plane  of  the  pai)er,  a 
normal  to  the  plane  O  will  meet  the  sphere  of  projection  at  the  central 
point  (f.  239) ;  the  planes  i-l  at  the  points  indicated,  and  so  of  the  other 

planes  1 ,  J,  i-2,  etc. 

Two  principles  hero  are  of 
fundamental  importance:  1st,  all 
planes  of  a  zone  have  their  nor- 
mals in  the  same  great  circle,  as 
i-i,  f ,  |-i,  etc. ;  and  2d,  the  an- 
gles between  these  normal  points 
are  the  supplements  of  the  an- 

fles  between  the  actual  planes, 
'hese  having  been  stated,  it  will 
be  clear  at  once  that  the  calcula- 
tion of  the  angles  between  dif- 
ferent planes,  ?.^.,  their  normals, 
becomes  merely  a  matter  of  solv- 
ing a  series  of  spherical  triangles 
in  which  some  parts  are  given 
and  others  obtained  by  calcula- 
tion. Upon  this  basis  a  system 
of  crystallography  was  construct- 
ed by  Miller  in  1839,  which,  as  further  developed  by  Grailich,  Schrauf, 
von  Lang  and  Maskelyne,  has  every  advantage  over  that  of  Naumann 
in  the  matter  of  facility  of  calculation  as  in  some  other  even  more  import- 
ant respects. 


The  method  of  construction  of  the  circle  of  projection,  for  a  given  crystal,  is  in  most 
very  simple.  The  position  of  the  crystal  is  commonly  so  taken  that  the  prismatic  lone  iB 
represented  by  the  circumference  of  the  circle,  and  the  position  of  the  normal-points  of  all 
prismatic  planes  lie  upon  it.  The  normal-points  of  the  pinacoid  planes  arc  at  90^  from  one 
another  (the  macropinacoid  is  not  present  on  the  cr^'stal,  f.  237).  The  two  corresponding 
diameters,  at  right  angles  to  each  other,  which  are  properly  the  projections  of  two  great  cir- 
oles,  intersect  at  the  centre  the  normal-point  of  the  baisal  plane,  0 ;  these  diameters  repre- 
sent respectively  the  macrodome  (m-1)  and  brachydome  {in-T)  zones  of  planes.  The  several 
positions  of  the  normal-points  of  the  prismatic  planes  are  determined  by  laying  off  the  rap- 
plement  angles  of  each  with  a  protractor ;  that  of  i-2  is  43®  2^\  and  of  /,  62®  8^\  from  tiio 
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nonnal-point  of  »-i.  The  lines  drawn  between  f-2,  0,  and  »-2  (behind),  and  i,  0,  /'(behind) 
represent  the  zones  of  the  w-2  and  m  pyramids  respectively.  The  position  of  the  normal- 
points  of  a  dome  or  pyramid  upon  its  respective  zonal  line  (great  circle)  is  formed  by  laying 
off  from  the  centre  a  distance  equal  to  the  tangent  of  half  the  supplement  angle  of  the  given 
plane  on  0,  taking  the  radius  as  unity.  For  example^  0  a  ^-i  =  12G<*  27%  hence  the  position 
of  the  required  normal-point  will  be  about  |  (.504(j)  of  the  radius  measured  from  0. 

It  is  in  general  necessary  to  determine  in  this  way  the  normal-points  of  but  very  few  of 
the  planes,  since  those  of  the  others  are  given  by  the  zonal  connection  between  the  planes. 
Thus  in  this  case,  having  determined  in  the  way  explained  the  positions  of  the  points  i-i,  2-2, 
/,  and  |-i,  no  further  calculation  is  needed ;  the  point  of  intersection  of  the  gi'eat  circle 
joining  »-i,  J-t,  and  %-i^  and  that  joining  /,  0,  7,  is  the  normal- point  of  f ;  also  the  point  of 
intersection  of  the  great  circle  »-2,  f-i,  i-2  with  7,  0,  /,  is  the  normal-point  of  1,  and  with 
t-2,  0,  i-2  that  of  f-2. 

The  method  explained  is  the  same  for  all  the  orthometrio  systems ;  for  the  clinometric  sys- 
tems the  same  principle  is  made  use  of,  though  the  application  is  not  quite  so  simple,  since 
the  basal  plane  does  not  fall  at  the  centre  of  the  circle. 

In  the  system  of  Miller  the  general  form  of  the  symbol  is  hkl^  in  which  h^  A;,  and  I  are 
always  whole  numbers,  and,  the  reciprocals  of  Naumann's  symbols.  To  translate  the  latter 
into  the  former  it  is  only  necessaiy  to  take  the  reciprocals  and  reduce  the  result  to  three 
whole  numbers  and  write  them  in  the  proper  order.  In  general,  for  m-n  {mc  :  lib  :  a), 
h  '.  k  \l=  mn  :  7n  :  n,  the  latter  expression  being  written  in  its  simplest  form,  and,  if  neces- 
sary, fractional  forms  must  be  reduced  to  whole   numbers  by  multiplication.     Conversely, 

h  h  h        h 

from  hkl  is  obtained  m=  -,  n  =    ,  and  hence,  -j  —  j.—  ''*-^     This  applies  to  all  the  iqrB- 

terns  except  the  hexagonal,  where  a  special  process  is  required.     See  Appendix  (p.  ^9). 

Methods  of  Calculation. 

In  mathematical  crystallography  there  are  three  problems  requiring 
solution :  Ist,  The  determination  of  the  elements  of  the  crystallization  of 
a  species,  that  is,  the  lengths  and  mutual  inclination  of  the  axes ;  2d,  The 
determination  of  the  mutual  interfacial  angles  of  like  or  unlike  known 
planes  ;  and  3d,  The  determination  of  the  symbols,  that  is,  values  of  the 
parameters  m  and  n  for  unknown  planes. 

This  whole  subject  has  been  exhaustively  discussed  by  Naumann  in  his  several  works  on 
crystaUography.  (For  titles,  see  p.  iv.)  The  long  series  of  formulas  deduced  by  him  cover 
almost  every  case  which  can  arise.  In  the  present  place  the  matter  is  treated  brieily,  since 
for  aU  ordinary  problems  in  crystaUography  the  amount  of  mathematics  required  is  vexy 
smaU.  This  is  especiaUy  true  in  view  of  the  fact  that  a  large  part  of  unknown  planes  can 
be  determined  by  the  zonal  equation  already  given.  When  compUcated  problems  do  arise, 
the  methods  of  spherical  trigonometry  (based  on  the  spherical  projection  of  Miller)  offer,  in 
the  opinion  of  most  crystaUographers,  the  simplest  and  shortest  mode  of  solution.  It  is  be- 
lieved that  the  student  who  has  mastered  the  elements  of  the  subject,  after  the  method  of 
Naumann  here  toUowed,  wiU,  if  he  desire  to  go  further,  find  it  to  his  advantage  to  turn  to  the 
system  of  Miller,  referred  to  on  p.  58  (See  also  Appendix. )  The  formulas  given  under 
tike  different  systems  in  the  following  pages  are  mostly  those  of  Naumann,  and  it .  has  been 
deemed  desirable  to  explain  at  length,  in  most  cases,  the  methods  by  which  these  formulas 
are  deduced.  If  the  student  wUl  follow  these  explanations  through,  he  wiU  find  himself  in 
a  position  to  solve  more  difficult  problems  involving  similar  metikods.  Spherical  triangles 
are  employed  in  most  cases,  as  early  used  by  Hausmann  (1813),  by  Naumann  (1829),  and 
others ;  and  carefully  explained  by  Von  Kobell  in  1867  (Zur  Berechnung  der  Krystallformen). 
The  same  methods  have  been  elaborated  by  Klein  (Einleitung  in  die  KrystaJlberechnung, 
Stuttgart,  1875). 

THE  RATIO  OP  THE  TANGENTS  IN  BECTAIfGULAB  ZONES. 

Tangent  principle. — In  any  rectangular  zone  of  planes,  that  is,  a  zone 
lying  between  two  planes  at  right  angles  to  each  other,  one  of  them  being 
a  diametral  plane,  the  tangents  of  the  supplement  angles  made  with  this 
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diametral  plane  are  proportional  to  the  lengths  of  the  axis  correspondiDg 
to  it. 

ExaniplcH  of  rectangular  zones  are  afforded  by  the  zones  between  i-i  and 
i-t,  aWi  /  and  O,  f.  13",  and  /  and  O,  in  f.  208 ;  etill  again  between  7  and 
0,\n  i.  167;  /and   O,  also  i-2  and  C,  inf.  loO.,    In  f.  217,  the  zone  be- 
tween i-i  and  i-i,  and  O  and  i-i,  as  also  the  zones  between  i-'i  and  any  one  of 
th«(irthod<iinee,  are  rectangular  zones,  but  not  the  zones  between  tne  basal 
and  vertical  planes' (except  »-i),  nor  thoee  between  i-i  and  a  clinodome. 
The  truth  of  tlie  above  law  is  evident  from  the  accompanying  fibres. 
If  tlie  angles  lietween  the  planes  e*,  ^,  e*  (f.  24(>)  and 
840  tlie  basal  plane  0  are  given,  their  supplements  are  Uie 

angles  with  the  basal  diametral  section  a',  a',  a',  resjiec- 
tivoly  (f.  241).  The  tangents  of  these  angles  are  the 
resjiective  lengths  of  the  vertical  axis,  corresponding 
to  each  plane,  a.s  seen  in  the  succeiisive  triangles.  In 
each  case  we  have  b  tan  a  =  c,  and  hence,  tan  a* :  tan 
a' :  tan  a'  =  c-' :  f* :  <?. 

My  the  law  stated  on  p.  10,  the  ratio  of  the  axes  must 
have  some  siinnle  numerical  value.  In  other  words,  if 
<^  l)c  taken  as  tne  nnit,  i?  aTid  i?  must  hear  some  simple 
ratio  to  it  (denoted  generally  by  m).  In  general,  if  a\ 
d',  a°  are  the  supplement  angles  of  three  planes  of  a 
vertical  zone  njKin  a  basal  plane,  then, 

tan  a' ;  tan  a* :  tan  <^  =  wi'c  :  mV  :  m'c  =  m^ '.  m*  :  m*. 

This  is  true 
and  tlio  domes 


most  commonly  applied  to  e 
al  nia 


well  for  the  pyramidal  planes  p',  j^,  j:fl, 
d>,  J^,  d?  (f.  240).       Thie        -     ■   '     ■ 


equal  to  the  ihikIps  racwiire.! » 
be  riM>  Boon  thnt  the  auplon 
mcnwtroil  on  cnoh  other.  Thn 
tilomeiit  of  ('A  O)  =  a'  +  (leO' 


his  principle  : 
vertical  zone,  where  the 
angles  on  the  basal  piano  are  known,  and  the  valne  of 
wi  for  each  is  required  ;  it  applies,  however,  in  the  same 
way,  to  any  rectangular  zone. 

l-'or  a  prismatic  zone,  if  the  supplement  angles  on  i-I 
are  given  =  7',  y,  etc.,  then, 

tan  y  :  tan  7* :  tan  7*  =  5* :  S° :  5"  =  n'  :  n* :  n*. 

These  Tolationn  ma^  pethaps  be  made  more  dear  by  a  little  furthw 
czp1niiati"ii.  Riippifia  a  plane  to  puss  through  the  vertical  Kxie  at 
ripbt  aTi);1e<<  to  the  given  zone  O.  «\  «*,  f*,  and  intergecting  it  in  the 
dottJHl  linetAce  also  t.  341).  A  dmilar  Eiec^tioa  maybe  made  with  the 
plaiioa  iV.  •{'.  if,  or  with  p\  p".  p'.  From  the  aection  |f.  Ml),  the 
Tclntion  of  the  vertical  axes  to  the  tangenta  of  the  basal  aoglee  is  at 
once  obvioos.  It  will  be  seen  here  Ihat  n'.  a<.  etc. ,  are  not  onljr  the 
mipplemcntH  of  the  interfacial  angles  measured  on  0,  but  ore  also 
■  ■  diminished  by  00°.  and  this  is  troe  in  general.     "      "* 


VSK  OP  STHRRICAI,  TRIOONOMBTRT. 

The  use  of  a  spherical  triangle  often  simplifies  very  much  the  operation 
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of  calculating  the  various  angles  and  axial  ratios.     The  following  example 
will  exeinjJify  the  principle  involved.     Fig.  242  represents  a  square  octa- 
hedron of  zircon.    If  we  take  the  front 
solid  angle  of  the  octahedron  as  a  cen- 
tre, and  from  it  imagine  three  arcs  to 
be  described  with  anv  radius — one  on 
the  octahedral  plane  BA^  another  on 
the  basal  section  CA^  and  a  third  on 
the  diametral   section  CB^   it   is   evi- 
dent that  a  spherical  triangle  will  be 
formed.     In  other  words,  the  point  a 
is   imagined   to   be   the   centre   of   a 
sphere  and  the  triangle  ABC  is  that 
portion  of  its  surface  included  between  the  three  planes  in  question. 
In  this  triangle  (f.  243)  the  successive  parts  are  as  follows  : 

C  =  the  angle  between  the   basal  and  vertical  diametral   sections ; 

here  90°. 
a  =  the  inclination  of  the  vertical  edge  on  the  lateral  axis. 
B=-  the  semi-vertical  angle  of  the  octahedron  (=  \X\ 
h  (the  hypothenuse)  =  the  plane  angle  of  the  octahedral  face. 
A  =  the  semi-basal  angle  (=  hZ). 
b  =  the  inclination  of  the  basal  edge  on  the  lateral  axis. 

In  the  case  given,  h  =  45°,  since  in  this,  the  tetragonal  system,  the 
lateral  axes  are  equal  and  the  basal  edge  makes  an  angle  of  45°  with  each. 
Now  if  either  A  or  B  (that  is,  JTor  Z)  is  given  by  measurement,  two  parts 
in  the  triangle  will  be  known  and  the  others  can  be  rea  lily  calculated  as 
they  may  be  required.  Other  examples  will  be  found  in  the  pages  which 
follow. 


In  the  majority  of  oases  the  spherical  triangles  obtained  in  the  manner  described  are 
right-angled,  and  the  problems  resolve  themseiyes  into  the  solution  of  right-angled  spherical 
triangles.  In  performing  these  operations  practically,  the  student  may  be  assisted  by  the 
following  graphic  method  (used  by  Prof.  Cooke,  of  Harvard  University).  It  is  based  upon 
Napier's  rules,  which  are  familiar  to  every  student : 

In  a  right-angled  splierical  triangle  the  sine  of  any  part  is  equal  to  the  product  of  the 
cosines  of  the  opposite  par^s,  or  the  product  of  the  tangents  of  the  adjacent  parts.  Here  it 
is  to  be  remembered  that  for  the  two  angles  and  hypothenuse  the  complements  are  to  be 
taken. 

The  problems  are  represented  graphically  as  f oUows  :  In  the  case  given,  suppose  that  the 
basal  angle  {Z)  on  the  given  octahedron  has  been  measured  and  found  to  be  84**  19'  46%  that 
is,  the  angle  A  =  ^Z=  42^  9  53%  and  hence  yO**  -A  =  47'  50'  7'.  Then  the  parts  of  the 
triangle  may  be  written,  commencing  with  (7, 


5(45') 


90'  (C) 
(90°  -  A) 


(90'»  -  B) 


(90°  -  k). 


If  ^  is  required,  we  have  (for  zircon)  sin  (90°  —  B)  =  oos  45°  x  cos  47®  50'  7' ; 
whence  jB=6r  39'47', 

and  the  vertical  angle  (X)  is  123°  19'  34'. 

Also,  sm  45"  =  tan  a  X  tan  47*  50'  7', 

tan  a  =  0.640373  =  t',  the  vertical  axis. 
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For  efmrf^i^na,  some  of  the  more  important  formulas  for  the  aolntion  of  spherioal 
In  itpherical  ri^ht  triangles  C  =  SK)'. 

_..      .       Bin  *i  _^      sin  3 


i?ia 

-^    = T 

sia  n 

Coa 

tan  b 
~  tanA 

tan<T 

Tan 

.4=    .-  r 

sm  0 

Sin 

ctmB 

~  coe  6 

aiu 

a  =■ 

sin  A 

coe 

B  = 

tan  'I 
tanA 

tan 

B^ 

tanfr 
sin  (I 

sin 

B  = 

cos  J. 
coe  a 

cos  A  =  coe  ij  coe  & 
cort  A  =  cot  -I  cot  B 

In  ohlirpje-anj^Ied  spherical  triangles  : 

n  »  Sin  -4  :  sin  B  =  sin  *t  :  sin  b ; 

r2)  Cos  ^  =  c*ys  h  cos  ^  *  sin  A  sin  r  coe  A  \ 

«if  I  Cot  h  sin  <r  =  cos  c  co^  .1  •  sin  A  cot  7^; 

<4.i  Cos  yl  =  —  cos  /^  coe  C  ■*■  sin  //  sin  C  coe  a. 

fn  mlcnlatton  it  Ls  often  more  convenient  to  nse.  instead  of  the  latter  formnlaA,  those 
^f^oiAiIj  arran^'l  for  logarithms,  which  will  I>e  found  in  any  of  the  manr  booka  devotfed 
t«»  mathematical  formulas. 

Com! oe  form uhi. — rreneral  cquatit)n  for  the  inclination  of  two  planes  in 
fhfr  orthornc-rric  sy-iteiri.s. 

I^rjin:-i<:!jf.inif  tiie  parameters  of  any  plane  by  c  :h  \  a^  and  also  of  any 
otJur  iilarif;  by  c  :  b'  :  a',  and  placing  W  for  the  supplement  of  their 
innt:iai  iiir:lination, 


In  ii-hiir  this  equation,  the  actual  values  of  the  parameters  are  to  be  sub- 
fttitntod  for  the  letters.  For  the  planes  ?/*-«,  m-n\  in  the  same  octant,  in 
whirrh  \\\iz  pintineters  would  be  mc  :  nh  :  /?,  and  mc  :  n'h  :  a, 

w<?,  ni,  «  are  substituted  severally  f«)r  c,  J,  a. 


I.  IsoMFTRic  System. 

Tlie  equality  of  the  axes  in  the  Isometric  system  makes  it  nnnecessarv  to 
c/iuHider  them  in  the  calculations.  The  most  commonly  occurring  prob- 
lems are  the  determination  of  the  symbols  in  the  various  forms,  ?-h,  w, 
m-w,  ra-n  (f.  51,  54,  fJ5,  Oli).  These  cases  will  be  considered  in  succession. 
Jn  all  but  the  last,  but  a  single  measurement  is  necessary. 

1.  Form  ^fft,  Mraliexalu'dron, — The  edges  are  of  two  kinds  (p.  18\  as 
A  and  (J  in  f.  244 ;  a  measurement  of  either  is  sufficient  to  determine  the 
value  of  n.      {a)  (iiven  the  angle  of  the  edge  A.     Suppose  a  plane  to 


MATBEUATIOAL   CRTSTALLOGBAPHT.  68 

pass  thronffh  the  edge  A  and  the  adjoining  axis,  ac,  also  a  second  plane 
tlirough  the  two  lateral  axea,  and  imagine  a  spherical  triangle  con- 
structed, as  explained  on  p.  61. 
This  triangle  (see  f,  244a)  is  right 
angled  at  C,  and  the  otlier  angles 
are  ^A,  (half  the  measured  angle  of 
the  crystal)  and  45°,  respectively. 
Hence,  if  v  is  the  inclination  of  the 
plane  on  the  lateral  axis,  ac, 

cos  n  =  cos  i J.  »'2, 

and  tan  p:=na  =n. 
(J)  Suppose  the  angle  of  the  edge  O 
to  he  given.     In  the  plane  triangle 
{a5<;)  of  the  section  in  f.  244,  iO +■ 
45'  +  1/  =  180",  or   K  =  135"-  ^C, 

and,  as  before,  tan  v  =  n.  If  the  angle  of  two  opposite  planes,  meeting  at 
the  extremity  o£  an  axis,  were  given,  half  this  angle  would  be  the  angle  v. 
For  a  series  of  tetraliexabedrons  tlie  tangent  law  may  be  applied,  since 
they  form  a  zone  between  two  cubic  planes;  the  dodecahedron  falls  in  this 
zone,  being  a  special  case  of  the  tetranexahednm  where  n  =  1.  The  angle 
between  a  plane  i-n  and  the  adjoining  cubic  face  {H)  is  equal  to  k  +  90% 
hence,  cot  II  =n. 

2.  Fonn  m,  trigonal  trisoctahfdron. — The  edges  are  of  two  kinds,  A 
and  B.     (a)  If  the  angle  over  B  is  given,  snpposo  a  diagonal  plane  to 
pass  throngh  the  vertical  axis  and  the  edge  A, 
meeting  the  planes,  as  indicated  in  the  hgurc,  8*5 

A  riglit-anglea  plane  triangle  is  formed,  of  which 
the  basal  angle  is  eqnal  to  ^B,  and  the  base  is 
the  diagonal  line  x.  Then  x  tan  iJi  =  the 
vertical  side  of  the  triangle  («'z),butj;=  v'i  when 
a  =  1,  whence  tan  iJiV^  =  ma  or  m.  (b)  If 
tho  given  angle  is  that  of  the  edge  A,  place 
a  spherical  triangle  {ma),  as  indicated  in  the 
figure.  In  this  triangle  0=  90°  (fur  the  dia^nal 
plane  is  perpendicular  to  the  plane  m),  and  the 
otlier  angles  are  respectively  ^A  {half  the  mea- 
snred  angle)  and  60";  hence,  the  pide  opposite 
iA  (=  tlie  angle  p)  is  obtained.  Further,  the 
angle  of  the  two  dotted  diagi>nals  (the  octahe- 
dral and  dodecahedral  axes)  is  35°  16'  (p.  16), 
whence,  iH  =  144°  44'  —  p,  and,  as  before, 
tan  J5Vi  =  j7».  See  further  tho  following  case.  The  general  equations 
ore  thus : 

(fl)  tan  ^BV'^=m. 

{&)  cos  p  =  2  cos  iAVl ;    iB  =  144"  U'-p. 


the 


.  Form  m-tn,  tetragonal  triaoetahedron. — Suppose  (a)  that  the  angle  of 
edj?e  B  is  given.     lu  the  spherical  triangle  1,  in  f.  246,  C=  90  ,  and 
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each  of  the  other  angles  equals  iJi.  Hence,  one  of  the  equal  sides 
(=  angle  v)  is  obtained,  and  tan  v  —  m.  (//)  If  the  angle  C  is  given, 
„ja  the  triangle  2,  in  f ,  2iC,  is  ciuployed ; 

here  one  angle  is  =  90°,  a  second 
=  fid",  and  tlie  tliii-d  =  iC,  lialf 
the  mcasiued  angle  of  the  edge  C. 
The  side  of  the tiiangle  =  tJie  angle 
p  ie  calculated,  and,  as  in  the  preced- 
ing case,  f  =  144°  44'— p,  then  Wi+  1 
=  tau  ^V2. 

Tlie  planes  m-m,  1,  m,  form  a 
zone  between  the  cubic  and  dodeca- 
\»«  hedral  planes  as  f.  461,  p.  244,  to 
which  the  tangent  law  may  be  often 
conveniently  applied.  The  fonn  m 
passes  into  the  octahedron  1  when 
m  =  1.  and  when  m  is  less  than 
nnity  it  becomes  m-m,  as  explained 
on  p.  17, 

Sinoe  these  planes  form  a  rectangular  Zisne  the  tangent  of  the  supple- 
ment angles  between  them  and  a  cnbic  plajie  are  pi-oixtrtional  to  the  valne« 
of  ;«  for  the  given  forms;  only  by  applying  this  principle  for  »t-i»,  the 

index   —  (=  —  ;  1 :  1)   will    be    obtained,   which  is  equivalent  to  m-m 

(=!;?«:  m). 

The  general  e«iuationB  for  the  form  m-in  are : 


cos  V  =  cot  \B ;  tan  n  =  m. 
c<>sp  =  cotit7V|;  f^l44''44'-p;  tan<v'2  =  n 


+  1. 


4.  Form  m-n,  hexocfaheiJron. — The  edges  of 
the  hexoctahednm  are  uf  three  kinds.  A,  B,  C 
(f.  247),  and  two  measurements  are,  in  general, 
nei'dud  in  order  to  dodnee  the  values  of  m 
and  71, 

(a)  Given  A  and  B.  In  the  oblique-angled 
sphei'ical  triangle  I  (f.  247),  the  three  angles 
are  ^A;  ^B,  and  45°.  In  tliis  triangle,  the 
side  opjK)site  ^-1  (=  angle  v)  is  calculated,  and 
from  it  are  obtained  the  values  of  in.  and  n, 
as  follo^va : 

eoa4^\''2  +  cos  IB  ,  „   , 

cos  V  = —   v-T. ;  tan  ^Jf  sm  c  =  m ;  tan  v  =  n. 

(S)  Given  A  and  O.  In  the  oblique-auffled  triangle  II  (f.  247),  the  three 
angles  are  equal  resjwctively  to  ^A,  ^O,  and  00°  The  side  opposite  ^A 
(=  angle  p)  is  calciilated.  But  the  angle  between  the  diagonals,  that  is, 
the  octahedral  and  dodecalicdral  axes,  is  35°  16',  and  the  third  angle  of 
the  triangle  is  ^  the  inclination  of  the  edge  C  on  the  dodecahedral  sxie ; 
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hence,  J  =  ^^°  44'— p.  Again,  in  the  right-angled  triangle  III  (f.  247),  one 
angle  =  iC\  and  the  adjacent  side  =  p,  whence  the  other  side,  B  (the  in- 
clination of  the  edge  B  on  the  dodecahedral  axis),  is  obtained  ;  p  =135°—  8, 
and  from  this,  as  above,  and  from  tlie  angle  p,  are  deduced  the  values  of 
m  and  n.     The  formulas  are : 

cos  p  =  ?.£^?_M±£pJ^;  f  =  144°  44'-p;  tan  8  =  sin  ? tan  iC. 
sin  iO  V  3 

ny/2 


V  =  135°—  8 ;  tan  i;  =  ti  ; 


n-\-l 


tan  f  =  m. 


{c)  Given  ^  and  C.  In  the  right-angled  triangle.  III  (f.  247),  the  two 
angles  are  given,  equal  respectively  to  ^B  and  ^U.  From  the  triangle  is 
deduced  the  side  opposite  i6^(=  angle  8  defined  before),  and  from  it  is 
obtained  i/,  and  from  v  and  iB^  the  values  of  m  and  n,  as  in  the  first  case. 
The  formulas  are : 


cos 


8  =  -; — ^-=  ;  V  =  135°—  8 :  tan  v  =  n:  tan  iB sin  v=zm. 
BUiiB 


m 


248 


If,  instead  of  m-yi.  the  form  is  m j-,  only  one  measurement  is  needed, 

and  the  process  is  simplified. 

When  the  ano^les  of  any  plane  Tn-n  on  two  cubic  planes  are  given,  their 
supplements  will  be  the  angles  of  the  plane  upon  the  corresponding 
diametral  sections,  and  from  them  the  values  of  m-n  may  be  readily  calcu- 
lated. Thus  (in  f .  248),  the  angles  of  a  given  plane  on  a  cubic  plane  at 
a'  will  be  the  supplement  of  its  angle  upon  the 
section  a^a*^  that  is,  the  angle  B  in  the  spherical 
triangle;  similarly,  the  angle  of  a  cubic  plane  at 
a*  will  be  the  supplement  of  its  angle  on  the 
section  a^d\  the  angle  A  in  the  spherical  triangle. 
In  this  same  triangle  6^=90°.  Hence,  the  sides 
opposite  A  and  B^  that  is,  the  inclinations  of  the 
two  edges  on  the  adjacent  axis,  may  be  calculated, 
and  this  axis  being  equal  to  unity,  their  tangents 
will  give  the  corresponding  lengths  of  the  other 
axes.  These  lengths  may  not  be  the  values  of  m 
and  nm  the  form  in  which  the  symbol  is  generally 
written,  where  the  unit  axis  is  always  the  shortest, 
but  the  latter  are  immediately  deducible.  For  ex- 
ample, if  the  angles  here  mentioned  for  the  plane  numbered  4  (in  f.  247)  had 
been  measured,  the  values  of  the  axes  obtained  by  calculation,  when  the 
front  axis  is  the  unit,  would  be  ^  and  ^  respectively,  and  the  symbol,  hence, 
J  :  ^  :  1,  which  is  equivalent  to  1 :  f  :  3,  or  m-n  =  3-J  for  the  general  form. 

Uemihedral  forms, — For  each  hemihedral  form  the  formulas  are  iden- 
tical with  those  already  given  for  the  corresponding  holohedral,  so  far  as 
the  edges  of  the  two  are  the  same.  For  example,  in  comparing  f.  69  and 
f.  87  it  is  seen  that  the  edges  A  and  G  are  the  same  in  both,  while  B  of 
the  holohedral  form  differs  from  B'  of  the  hemihedral.  The  formulas  re- 
5 
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quired  to  cover  these  additional  cases  are  given  below,  tliey  are  obtaiued 
in  a  manner  similar  to  those  in  the  preceding  pages. 

Form  i(7w.),  f.  85.     Given  B\ 

cos  e  =  2  cos  ii?  Vi ;  f  =  35°  16'+ e;  tan?Vi  =  w. 
Form  i{f)i'7n),  f.  81.     Given  B'. 

tB,niB'V2  =  m. 
Form  iim-n),  f.  87.     (a)  Given  A'  and  B\ 

c()si5'  ^      cosi^'  V2  V2 

cos  a  =  - — ^ .  J ;    cos  8  =  -. — ^.-57 :  m  = >. :  n  = 

sm  iA  sin  ^B  '  cot  a— cot  p'  cot  a  +  cot  aI^. 

(5)     Given  ^'  and  6". 

2  cos  i^'  +  COS  i6'*       ^        0.^0  I/*/  .^         .         1  ^     .       .- 

cos  €  = ^ — r-? — ;  f  =  35°  16  4-  e ;  cot  8  =  tan  iC  bid  ?. 

sin  i6^v  3 

7jV2 
tan  (8  +  45°)  =  /i;  7  tan  f  =  m. 

Form  ili-n],  f.  92.     Given  ^". 

tan  \A"-=  n. 

Form  [7/i-^],  f.  100.     (a)     Given  ^"  and  B'\ 

cos  iJ."  ^  n  cos  ^^4" 

-; — ^      .  =  cos  1/ ;  tan  i;  =  71 ;  -    -  ,  ^,,-  =  771. 

sm  t-^  cos  -^B 

(5)     Given  ^"  and  C" 

1  ^  './T  •       /-k  /I         cos   C^V'3  —  COS  iJ." 

2  COS  iC  V  i  =  sm  C^ ;  cos  6  = =^ — . 

^         ^  '  sin  iA" .  2 

tan  (45°  +  ^  =  //i ;  sin  (45^"*  +  0)  tan  iA"=  n. 

(c)    Given  ^"  and  C". 

o        i^'/i/T        •    /I           sj       cos /'>l/3  -  cos  i^" 
2  cos  it/    V -J-  =  sm  0^ ;  cos  0  = -—^ — .. 

sin  iZ?"V  2 
tan  (45°+  8)  =  ti;  sin  (45°  +  8)  tan  ^B'  =  77^. 

Tlie  varions  combinations  of  ho1(  hedral  and  hemihedral  forms  which 
may  occur  are  unlimited,  and  it  wou.d  be  unwise  to  attempt  here  to  show 
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the  methods  of  working  them  out.  It  is  only  necessary  to  remark  that  the 
solution  can  generally  be  readily  obtained  by  the  use  of  one  or  two  spheri- 
cal triangles  in  .the  way  shown  in  the  preceding  cases. 

The  calculation  of  the  interfacial  angles  between  two  known  forms  can 
often  be  performed  by  the  formulas  already  given,  or  by  similar  methods. 
For  the  more  general  cases,  reference  must  be  made  to  the  cosine  formula, 
p.  62. 

InterfaciaZ  Angles. — I.  HolohedraZ  Forms. 

The  following  are  some  of  the  angles  among  the  more  common  of 
Isometric  holohedral  forms;  adjacent  planes  are  to  be  understood,  unless 
it  is  stated  otherwise.  The  angles  A^  By  C\  above,  are  those  over  the 
edges  'so  lettered  in  the  figures  referred  to  (see  pp.  15-19),  or  over  the 
cori-esponding  edges  in  related  forms : 


//A   i/=90°,  f.  38 

//  A    1  =  125  16',  £.  40,  41 

//A    *  =  135,  f.  43,  45. 

//Ai-f=146  19 

H  A  1-2  =  153  26,  f .  64 

H  A  *-3  =  161  34 

//  A  H  =  133  19 

//aM  =  136  45 

^A  22  =  144  44,  f.  55 

U  A  3-3  =  154  46 

if  Af,  ov.  1,=  115  14 

i/A2,     '*     =109  28,  f.  52 

J/  A  3,     "     =103  16 

i/'A3-|  =  143  18,  f.70 

7/  A  4-2  =  160  48 

2/ A  54  =147  41 

I  A  1  =  109  28,  f.  42 

1  A  1.  top,=  70  32 

1  A  *  =  144  44,  f.  47 

1  A  H  =  143  11 

1  A  *-2  =  140  16,  £.  67 

1  A  t-3  =  136  54 

1  A  i-i  =  168  41 


1  A  2-2  =  160"  32',  f.  58 

1  A  3-3  =  150  30,  f.  57 

1  A  i  =  169  49 

1  A  2  =  164  12.  f.  53 

1  A  3  =  158 

1  A  34  =  157  45 

1  A  4-2  =  151  52 

1  A  5-J  =  151  25 

i  A  »  =  120  f.  45 

%  A  «',  ov.  top,  =  90 

i  A  i'\  =  167  42 

t  A  »-2  =  161  34,  £.  68 

t  A  1-3  =  153  26 

i  A  2-2  =  150 

t  A  3-^  =  160  54 

%  A  3-3  =  148  31 

I  A  4-^  =  166  6 

i  A  5-a  =  162  58i 
2-2  A  2-2,  ^,=  131  49,  f.  54 
2-2  A  2-2,  C,  =  146  27 
2-2  A  2-2,  ov.  top.  =  109  28 
3-3  A  3-3,  B,  =  144  54,  f.  61 
3-3  A  3-3,  (7,=  129  31 


«-!  A»-^^,=  133''49' 
i-'^  A  »-J,  C\=  157  23 
i-2  A  »-2,  A,=  143  8,  f.  65 
f-2  A»-2,  C,=  143  8 
1-2  A  i-2,  ov.  top,  =  126  52 
>.2  A  t-3  =  171  52 
^-2  A  2-2  =  155  54 
1-3  A  »-3,  A,=  154  9.  f.  66 
^3  A  t-3,  C,=  126  52 
2  A  2,  ^,=  152  44,  f.  51 

2  A  2,  j9,=  141  3i 
8  A3,  ^,=  142  8 

3  A  3,  ^,=  153  28i 
3-1,  A,=  158  13,  £,  69 
3-1,  ^,=  149 

3- J,  (7,  =  158  13 
4-2,  ^,=  162  15 
4-2,^,^154  47i 
4-2,  (7,=  144  3 
5-ii,  .4,=  152  20 
5-S,  ^,=  160  32 
5-1,  C,=  152  20 


II.  Ilemihedral  Forms. 
The  following  are  the  angles,  for  the  corresponding  hemihedral  forms : 


1  A  1  =  70°  32'.  £.  76,  76a  3-3  A  3-3,  (7,=  134**  2' 


f  A  f,  ^,=  162  39i 

a  A  J,  B.=  82  10 

2  A  2,  ^,=  152  44,  £.85 

2  A  2.  B,=  90 

8  A3,  ^,=  142  8 

3  A3,  /?,=  99  5 
H  AH, /^,=  93  22 
HaH,  e,=  160  15 

2-2  A  2-2,  B,  =  109  28,  £.  81 
2-2  A  2-2,  C,=  146  26i 
3-3  A  3-3,  ^,=  124  7 


3-$  A  3-^,  vl,=  158  13,  £.  87 
3-i  A3-^Si?,=  110  55i 
3-1  A3-i^,  6',=  158  13 
4-2  A  4-2,  ^,=  162  15 
4-2  A  4-2,  ^,=  124  51 
4-2  A  4-2,  C,=  144  3 
»-i  A  »-^,  A,=  112  37 


t-8  A  t-3,  C,=  107°  27i' 
4-2  A4-2,  ^,=  128  15 
4-2  A  4-2,  B,=  154  47i 
4-2  A  4-2,  6',=  131  49 
3-i  A3-^^,=  115  23,  £.100 
3-f  a3-^,  J9,=  149 
3-1  A3-},  C,=  141  47 
5-f  A5-f,  ^,=  119  3i 
5-1  A  5-^,  ^,=  160  33 


*•!  A»-J,  C;=117  29 

i-2  A  »-2,  /!,=  126  52,  £.  92, 93  54  A  5- J,  C\=  131  5 

^-2  A*-2,  6',=  113  35 

^3  A  1-3,^,=  143  8 


In  the  forms  ^-f ,  i-2  (f .  92),  i-3,  i-4,  A  is  the  angle  at  the  longer  edge, 
and  C  that  at  either  of  the  others. 


68 


0BY8TALL0GBAPUY. 


11. — Tetragonal  System. 

In  the  Tetragonal  system,  as  has  been  fully  explained  (p.  30),  the  length  of 
tlie  vertical  axis  is  variable,  and  must  be  determined  for  each  species.  If  the 
leni^th  of  /•  is  known,  then  it  may  be  required  to  determine  the  symbols  of 
certain  planes  by  means  of  measured  angles.  These  two  problems  are  in  a 
measure  complementary  to  each  other,  and  the  same  metnods  w^ill  give  a 
solution  to  cither  case.  (I'or  figures  of  the  forms  see  pages  27  and  28.) 
The  calculation  of  the  interfacial  angles  can  be  performed  by  similar 
methods  or  bv  the  cosine  formula. 

1.  Form  rn, — The  edges  arc  of  two  kinds,  pyramidal  X^  and  basal  Z. 
If  either  angle  is  known,  the  angle  a,  which  is  the  inclination  of  the  edge 
X  on  the  lateral  axis,  may  be  calculated  by  the  spherical  triangle,  as  m 
f.  242,  243.  (Compare  the  explanation  of  this  case,  \),  (>2.)  Obviously  in 
the  j)lane  right-angled  triangle  formed  by  the  two  axes  and  the  edge  X, 
tan  a  ~  mo  (since  a  =  1).  If  c  is  known,  then  m  is  determined  ;  and,  con- 
vei'sely,  a  value  being  assumed  for  7a,  in  the  special  case,  c  is  given  by  the 
c-alculatiou.     The  general  formulas  are  : 

cot  iX=  sin  a,  or  tan  ^Z  V  -^  =  tan  a ;  then  tan  a  =  tnc. 

2.  Form  m-i. — {a)  Given  the  angle  Z,  ?nG  is  found  immediately  ;  the 

solution  is  obvious,  for  in  the  section  indicated  by 
the  dotted  line  (f.  249),  ^Z=  a,  and  the  tangent  of 
this  angle  is  equal  to  the  vertical  axis,  (i)  Given 
the  angle  Y,  A  spherical  triangle  placed  as  in 
f .  249,  has  one  angle  =  ^  F,  a  second  =  45°,  and 
the  third  =  90°,  whence  the  side  opposite  iY  is 
calculated,  which  is  the  complement  of  a. 

The  general  formulas,  which  may  serve  to  de- 
duce the  value  of  7/i,  when  c  is  given,  or  the  con- 


verse, are : 


cos  iYV^  =  sin  a,  or  tan  ^Z  =  tan  a,  and  tan  a  =  mo. 

If  a  series  of  square  octahedrons  7/i,  or  7/i-i,  occur  in  a  vertical  zone,  their 
symbols  may  be  calculated  in  both  cases  alike  by  the  law  of  the  tangents, 
tlie  angles  of  the  planes  on  O,  or  on  /,  or  i-i,  respectively,  being  given. 
(See  p.  GO.) 

3.  Form  i-n. — For  the  angle  of  the  edge  X  {i,  109,  p.  26),  at  the  extrem- 
ity of  a  lateral  axis,  tan  ^A  =  n.  From  the  angle  of  the  other  edge  Y^ 
we  have^A^^  =  135''—  ^  F;  and  hence,  tan  (135°—  ^Y)  =  n. 

4.  Form  in-n, — The  edges  are  of  three  kinds,  X,  Y,  Z{t.  250),  and  two 
angles  must  be  given  in  the  general  case  to  determine  7n  and  n. 

{a)  Given  JTand  Z,  A  spherical  triangle  having  its  vertices  on  the  edges 
AT  and  Z,  and  the  lateral  axis,  as  1,  f.  250,  will  have  two  of  its  angles  equal 
to  iX,  iZ,  respectively,  and  the  third  equal  to  90°.  The  solution  of  tliis 
triangle  gives  the  sides,  viz.,  a  and  i/,  the  inclinations  of  the  edges  X  and 
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Z,  rcBpectively,  on  the  lateral  axis.     The  tangents  of  these  angles  give  the 
values  of  m  and  n.     The  formulas  are  as  follows : 


=  cos  a,  tan  a=:  mc; 


sin  ^Z 


:  C06  V,  tan  1/  =  n. 


i  indicated  (2,  f.  250), 


(J)  Given  T  and  Z.  In  a  second  triangle  placed 
two  of  the  angles  are  J!Faud  \Z  respectively, 
and  the  third  is  90°,  The  sohitioji  of  this  second 
triangle  gives  Z,  the  inclination  of  the  edge  Z 
on  the  diagonal  axis,  fi-oin  which,  in  the  plane 
triangle  wo  have  v  =  135°  —  h,  and  from  v  is  ob- 
tained n^  Still  again  fi-oin  the  triangle  l(f.  250), 
and  its  solution  used  in  the  preceding  case,  having 
given  Z  and  v,  a  is  (thtained,  and  from  it  m  ; 
ae  by  the  following  fonmdas  : 

'^\T  =  cosS,  i'  =  135''-S,  tan  v  =  n; 
sin  ^Z 

tan  ^Z  sin  v  =  tan  o  = 

(c)  Given  ^and  Y.  A  third  triangle,  numbered  3  in  the  figure,  has  two 
of  the  angles  equal  toJXaiid  il'respentiveiy,  and  thetliird  is  45°.  Solv- 
ing this  oblique-angled  triangle,  the  angle  of  the  inclination  of  the  edge  Y 
on  the  vertical  axis  is  obtained,  and  its  complement  is  the  angle  €,  the  in- 
clination of  the  edge  Y  on  the  diagonal  axis ;  from  e  and  J  Y  are  obtained, 
by  triangle  3,  S,  and  thence,  as  above,  n\  and  fiTially,  from  JT  and  i/,  is 
obtained  a,  and  from  that  the  value  of  m.  The  simplified  fonnulas  are  as 
follows  : 


coaJFi^  _ 
cos  ^2C 


— 1  ;  sin  a=  n  cot  ^X,  tan  a  = 


Pyramids  of  the  general  symbol  1-n,  m-m,  etc,  are  especial  cases  of  the 
preceding,  the  processes  being  for  them,  however,  soraewliat  simplified.  A 
single  measurement  is  siifiicient. 


III.  Hexagonal   Sybteh. 

In  the  Hexagonal  system  there  are  three  equal  lateral  axes  (a)  inter- 
Becting  at  angles  of  60°,  and  a  fourth  vertical  axis  (c)  at  right  angles  to 
the  plane  of  the  othere.  Taking  «  =  1,  there  remains  but  one  unknown 
quantity  in  the  elements  of  a  crystal,  that  is  the  length  of  e,  and  a 
single  meaani-ement  is  sufficient  to  determine  this.  The  relations  of  thi> 
three  lateral  axes  have  been  explained  on  p.  32. 

The  hexagonal  system  is  closely  allied  to  the  tetragonal,  and  optically 
they  are  identical,  as  is  shown  beyond. 

Schrauf  refei-a  all  hexagonal  forms  to  two  lateral  axes  crossing  at  right 
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a!i<^les  and  a  vertical  axis,  in  order  t< >  show  this  relation.    According  to  him,  in 

this  fivstein,  the  axes  are  c  :  «\^.3  :  a  ;  in  the  tetragonal  they  are  c\a\  a. 
Millers  s<:h<x>l,  on  the  contrary,  employ  three  equal  axes,  inakin|^  equal 
unifies  with  each  other,  and  each  normal  \o  a  face  of  the  fundamental  rhom- 
Ixihedron.  In  each  of  these  methods  a  holohedral  fonn,  for  instance  a 
hexagonal  pyi-ajnid,  is  considered  as  made  up  of  two  sets  of  forms,  having 
different  indices. 


A. — Holohedral  Forms, 

1.  Form  m  :  hexagrmal  pyramid,  first  series. — Sup|X)8e  a  spherical  trian- 
gle, inscrihed  in  f.  148,  p.  33,  having  its  vertices  upon  the  edges  X  and  Z, 
and  the  corresixniding  lateral  axis  res|>ectively,  similar  to  the  triangle  of 
f.  242.     This  will  be  a  rijj:ht-angled  triangle. 

(a)  When  the  angle  of  the  edge  X  is  given,  then  f,  the  inclination  of  the 
edge  X  \\\H)\\  the  adjoining  lateral  axis,  is  calculated  : 

sin  f  =  cot  ^X  V3^  and  tan  f  =  inc,  or  =  c*,  tlie  vertical  axis,  when  m  =  1. 

(i)  Given  the  angle  Z, 

tan  ^  Z  V  J  =  7nr^  or  =  c  when  m  =  1. 

2.  Form7W-2:  hexagonal  jiy  ram  id,  second  series. — These  pyramids  bear 
the  same  relation  to  those  of  the  ///  series  as  the  7ni  octahedrons  to  m  octa- 
luMlrons  of  the  tetragonal  system.  ( Compare  f.  112,146.)  The  methods  of 
<;jilciilation  are  similar  (f.  241>.)  The  edges  are  of  two  kinds,  vertical  i'and 
basal  Z. 

Of)  Given  the  angle  Y. 

2  cos  i  r  =  sin  iZ,  and  tan  iZ  =  7nc,  or  cwhen^n  =  1. 

(/>)  Given  the  angle  Z.     Then  simply 

tan  iZ  =  mc, 

3.  Form  /-w  :  dihexagfonal  prism. — The  vertical  edges  are  of  two  kinds, 
axial  A',  and  diagonal  3';  the  solution  in  either  case  is  by  means  of  a  plane 
triangle,  in  a  cross-section  analogous  to  that  of  f.  146. 


(a)  (jiven  X, 


n 


ton  iX»'i   =  ^^^ 
{b)  Given  Y. 

ton  irV3  =  ^ 
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4.  Form  m-n :  dihexagonal  pyramid. — The   edges  (f.  251)   are  of  -throe 
kinds,  X  and  Y  terminal,  and  Z  basal ;  measnrements  of 
two  of  these  are  required  to  give  the  values  of  m  and  251 

n  ;  this  is  analogous  to  the  calculation  for  the  form  m-n 
in  the  preceding  system. 

(a)  Given  Xand  Z.  In  a  spherical  triangle  ha\nng  its 
vertices  on  the  edges  X  and  Z,  and  the  adjoining  lat- 
eral axis  respectively,  two  angles  are  given.  If  i;  =  the 
inclination  of  the  edge  Z  upon  the  lateral  axis  (the  side 
of  tlie  spherical  triangle  opposite  the  angle  i-^T),  then 

cos  1/  =  ^?^|^,  71  —  i  =  tan  (i;  -  30°)  Vf ;  tan  ^Z  sin  v  =  mc. 

(b)  Given  Y  and  Z.  The  right-angled  spherical  triangle  has  its  vertices 
on  the  edges  Y  and  Z  and  the  diagonal  axis.  If  8  =  the  inclination  of 
the  edge  Zupon  this  diagonal  lateral  axis,  then  : 

cos  iY 
cos  8  =  ^.^  ,^  ;  but  71  -  i  =  tan  (120°-  8)  i/f, 

also 

(150°  —  S)  =  v;  and,  as  before,  tan  iZ sin  v  =  mc, 

(c)  Given  X  and  Y.  In  the  oblique-angled  spherical  triangle,  with  its 
vertices  upon  the  edges  X  and  Y  and  the  vertical  axis,  the  tnree  angles 
are  known,  viz.,  iX,iY,  and  30°,  hence : 

2  -n  _    cos  jXV^. 

71—1  COS  i  Y 

Further,  if  f  =  the  angle  of  inclination  of  the  edge  X  upon  a  lateral 
axis,  that  is,  the  complement  of  the  same  edge  upon  tlie  vertical  axis  (the 
side  of  the  spherical  triangle  opposite  the  angle  iY), 

Vs 

sin  f  =  71 cot  iX,  and  tan  f  =  mc. 

2   —  7i 

If  the  pyramid  vi-7i  takes  the  form  m — ^^,  as  determined  bv  its  zonal 
^•^  m-1 

relations,   the  calculations  are    simplified,    since  one  unknown   quantity 

only,  m,  has  to  be  determined,  and  one  measurement  is  sufficient. 


B. — Rhomhohedral  Division, 

The  relation  of  the  rhombohedrons  and  scalenohedrons  to  the  true  hexa- 
gonal forms  has  been  made  clear  in  another  place.  The  rhombohedron  is 
tne  hemihedral  form  of  the  hexagonal  pyramid  7/i,  and  its  symbol  is  writ- 


72 


CRY8TALI/00RAPI1Y. 


ten   —  ,  or  usually  mli.    The  scalenohcdron  is  the  corresponding  hemihe- 
Jj 

dral  form  of  the  twelve-sided  i)yraniid,  and  its  synil)ol  is  written  ^(nv-n)  or 

m'li'^'.     The  latter  symbol,  pr(>iK)3ed   by  Naiuuann,  has  reference  to  the 

rhombohedron  whose  lateral  edge  corresponds  to  the  edge  X  of  the  given 

6calenc>hedron. 

The  formulas  given  by  Xaumann  for  reducing  the  symbol  \{mrn)  to  the 

form  m'li*^'  are  as  follows  : 


7/1 


=  ^'(^-^),  and  n'  =  --!L_, 
'  2  —  n 


n 


For  the  converse,  to  reduce  m'li'^'  to  the  form  i(/w-;i), 


m  =  in'v!  and  n  = 


2n,' 


n'  +  1 


252 


1.  Rh<yinhohedro7\Sy  mR, — The  methods  of  calculation  are  simple,  and 

will  be  under6tcK)d  from  f.  252.  The  edges  are  of 
two  kinds,  X  and  Z,  and  their  relation  is  such  that 
the  corresponding  angles  are  the  supplements  of 
each  other. 

Given  the  angle  of  the  edge  X.  A  spherical 
triangle  is  placed,  as  indicated  by  ^Z?6',in  f.  252, 
with  its  vertices  respectively  on  the  edge  -JT,  the 
vertical  axis,  and  the  diajronal  of  the  rhombohe- 
dral  face.     In  this  triangle  A  =  iX^  B  =  60°, 

«,.  1    n         nno     1     i.  cos  A  COS  \X 

and  C  =  90°,  but  cos  a   =    -, — j.   =    — — 5l_^; 

'  sin  Ji  sin  60°' 

here  a  is  the   inclination    of   the  diagonal   line 

upon  the  vei-tical  axis,  that  is,  the  complement  of 

a,  its  inclination  upon  the  basal  section.     Now  in  the  plane  triangle  die, 

where  ac  =  the  lateral  axis  =!,«*=  Vf,  hence,  tan  a  Vi=  mCy  or  =  (?, 
tlie  vertical  axis  of  the  rhonibohc*dron,  when  7/i  =  1. 
The  general  formulas  are  then  : 

cos  iJT 
sm  a  =   "^i^^jb  ,  and  tan  a  v  J  =  mc. 

Obviously,  when  the  angle  of  li  (or  viR)  upon  the  basal  plane  O  can  be 
metisured,  the  suiiplement  of  this  is  the  andea.  Similarlv  the  anffle  J?  A  7 
-  90^  =  a.  ^  .6 

In  a  series  of  rhombohedrons  in  a  vertical  zone,  the  tangent  law  can  be 
advantageously  api)liod.  Attention  must  also  be  called  to  the  zonal  relations 
of  certain  -f  and  —  rhombohedrons,  remarked  on  p.  36  ;  these  relations 
may  be  conveiiiently  shown  by  means  of  Qucnstedt's  method  of  projection. 

2.  i^rahmohetlroiifi,  mR\—Afi  seen  in  f.  171,  p.  37,  the  edges  are  of  three 
kinds,  Xy  y,  Z,  and  two  angles,  must  in  general  he  measured  to  allow  of 
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the  determination  of  m  and  n.    The  methods  of  calculation  are  not  alto- 
gether simple.     The  following  equations  are  from  Naumann. 

{a)  Given  Xand  Y. 

n  is  found  from  ^— I —  =  ^^  *     •   further,  sin  iZ  =  — ^^  cos  JX. 

n  -  1       cosiF'  71  +  "^ 

also, 

.,        tan  iZ         _      .  c.#  ./;r 
cos  t  = 7="'  and  cot  F  VS  =  mc. 

(J)  Given  X  and  Z. 

2n  sin  ^Z  ^,       tan  ^Z  ^,  /- 

— TT  =  T^p^  ;  cos  f  =  7=:—  ;  cot  f  r  3  =  m(?. 

n-fl        cos^X  '         *         74-^3     '         * 

(c)  Given  T^and  Z. 
2n  sin  ^Z  ^,        tan  ^Z       ,         ^,  /- 

If  m,  that  is  the  inscribed  rhombohedron,  is  known,  one  measurement 
will  give  the  value  of  n.  Z  =  basal  edge  of  the  inscribed  rhombohedron 
(care  must  be  taken  to  note  whether  <^  is  obtuse  or  acute). 

(d)  Given  X.  sin  <^  =  2  cos  ^X  cos  iZ\ 

tan  {(f>'-iZ')  cot  iZ  =  n. 

{e)  Given  Y.  sin  <^  =  2  cos  ^  Y  cos  \Z'. 

tan  (<^+iZ')  cot  iZ'  =  n. 
(/)  Given  Z.  tan  ^Z,  cot  ^Z'  =  n. 

If  n  is  known.     From  X,  we  have  sin  ^Z  = cos  ^X  ;    then,   as 

71  +  1 

nnder  (a).     From  Y^  sin  ^Z  = cos  \Y.  and  then  as  above.     From  Z, 

7i— 1 

cos  f '  is  obtained  as  under  (a),  and  then  Tjrkj. 

N  • 

rV.  Orthorhombio  System. 


• 
El." 


Of  the  three  rectangular  axes  in  the  Orthorhombic  system,  one  is  always 
taken  equal  to  unity,  in  this  work  the  shortest  {d).  This  leaves  two 
unknown  quantities  to  be  determined  for  each  species,  namely,  the  lengths 
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• 


^^A  ::.  iicrr:-*  «.'f  :Le  tnl:  &3d»  d.  and  for  this 
ireruei-'-i  are  re-^iiIrt^L     Tbe  simpler 


Jjet    a  =  the  incIiLati'-r:  of  the  edge  Z  to  tbe  ax:a  <f  « t  253\. 
5  =  the  }J:*:\::.ik::' z^  of  the  ed:re  JT  to  the  axis  <i. 
7  =  t;*e  iji':]::;a:;orj  of  tjie  ed^.'e  Y  to  iLe  axis  ?•. 

Fir^rn  the  I'lai.e  trlaij^rle  forri^ed  !»v  each  eJge  and  the  axes  adjacent 
({.  ff^'>.  :f.>4   :Le  fo:!ow:L?r  relatioii?  are  Je«iuced,  when  J  =  1  : 

<  1  •  ^  jiveij  a  a!.d  ,?.     taii  ^  "=  '_  arjd     tan  a  =  ?*. 
<:^»  Given  a  an  J  7.      tan  a  =  i.  and  i  tan  7  =  i\ 
i'jt  ^Jiven  d  and  7.      tan  ^  =  c,  a!;d  '.'  cot  7  =  i. 


2W 


2S4 


855 


The  anirlefi  a,  /8,  7ai*e  often  given  direct  bv  measurement;  for,  obviously 

a  =  the  rfenii-pri.sniatic  an^le  /.'  /<'over  /-5). 

/8  =  tlie  wini-i>ar?al  angle  of  1-?  /  1-^ 

7  =  tlie  setni-hasal  angle  of  1-/  '  1-?. 

A\i^,  I  '  /-^  =  a  +  OO*' ;  1-?  /  i'\  =  /8  -f  00-  :  15  A  (?  =  180^-/8,  etc. 

From  the  o(.-tahedn)n  (f.  t^r>8i.  the  angles  a,  )8.  7  are  calculated  immedi- 
ately hy  the  following  formulas,  and  from  them  the  length  of  tlie  axes  as 
alK>ve. 

ia)  Given  X  and  Z  (spherical  triangle  I,  f.  253), 

cos  ^X  ci  ^^^  ^^ 

<-os  a  =  -.— .-y  :  cos  /8  =  -^-yV 
sm  ^Z  sm  ^A. 

(h)  Given  l^and  Z  (spherical  triangle  II,  f.  253), 


Bin  a  = 


cos  i  J"  cos  iZ 

6in  -JZ  sm  t  i 


(/;;  Given  AT  and  1^  (spherical  triangle  III,  f.  253), 

„:«   o        cosil'^      .  cos  i JT 

smiX  sm  iJr 
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If  any  one  of  the  anorles  a,  )8,  or  7  is  given,  as  from  the  measurement  of 
a  prism  or  dome,  and  also  any  one  of  the  angles  of  the  octahedral  edges  X, 
1 ,  or  Z,  a  second  of  the  former  angles  may  be  calculated,  and  from  the 
two  the  axes  are  obtained  as  before.  The  formulas,  derived  from  the 
same  spherical  triangles,  are  as  follows  : 

(1)  Given  JTand  a,         sin  fi  =  cot  JXtan  a. 

X  and  /8,         tan  a  =  tan  iX  sin  )8. 
X  and  7,         cos  /8  =  cot  j[X  cut  7. 

(2)  Given   J^and  a,         sin  7  =  cot  ^JTcot  a. 

Y  and  /9,        cos  7  =  cot  ^  Y  cot  13. 
YsLud  7,         cot  a  =  tan  ^Y  sin  7. 

(3)  Given    Z  and  a,         tan  7  =  tan  i  Z  cos  a. 

Z  and  /8,         cos  a  =  cot  ^  Z  tan  7. 
Z  and  7,         sin  a  =  cot  ^  Z  tan  /8. 


Calculation  of  the  values  of  m  and  ti. 

The  above  formulas  cover  all  the  ordinary  cases,  the  only  change  that  is 
required  in  them  is  to  write  for  c,  5,  a,  in  equations  (1),  (2),  (3),  above,  c\  h\  a\ 
the  lengths  of  the  axes  for  the  given  form,  noting  that  c'  =  mc^  and  so  on. 

1.  I^risms^  i-Ft  or  i-h.  As  remarked,  the  semi-pj*ismatic  angle  (over  i-i) 
is  the  anjijle  a  (f.  254V  and  tan  a  =  nb.  If  the  calculated  value  of  n  is 
greater  than  unity,  tlie  form  is  written  00  c  :  nh  :  a(i-ri) ;  if  less  than  unity, 
the  form  is  written  ccc  :  b:  na  {i'fi\  b  being  the  unit  axis.  Thus  i-f 
(oo  c  :  ^b\  a)  becomes  i-2  (xx? :  i  :  2a). 

2.  IJoiiieH^  inA  and  m-l. — No  further  explanation  is  needed  (f .  255) ;  here 
tan  /9  =  inc.  or  b  tan  7  =  inc, 

3.  Octahedrons^  m. — Here  the  angle  a  is  always  known  (it  being  the 
same  as  for  the  unit-octahedron  where  tan  a  =  i),  and  hence  a  single  meas- 
ured angle,  X,  1",  or  Z  will  give  the  values  of  either  /9  or  7  for  the  given 
form,  and  tan  /3  =  mc^  b  tan  7  =  mc*. 

4.  Forms  7^i-/l  or  7/^-/1. — The  measurement  of  the  angles  X,  Y^  Z  will 
give  the  values  of  a,  /9,  and  7  belonging  to  the  given  form,  and  tan  /8  =  mCy 
tan  a  =  wi,  etc. 

Here,  as  in  the  prisms,  if  n  is  less  than  unity,  when  the  axis  d  is  the  unit, 
the  symbol  is  transposed,  and  the  axis  b  made  the  unit,  thus  2c :  ^b  \  a  (2  J) 
becomes  4<? :  6  :  2a  (4-2). 

If  the  angle  between  the  form  rti-fi  (or  m-yVj  and  either  of  the  pinacoids 
can  be  measured,  the  method  of  calculation  is  essentially  the  same  (Com- 
pare f .  248) ;  for 

rri'-n  A  O  (base)  =  supplement  of  the  angle  ^Z; 

m-n  A  irl  (macropinacoid^  =  supplement  of  the  angle  \  Y ;  and 

m-n  A  i-i  (brachypinacoia)  =  supplement  of  the  angle  \X. 

The  method  of  calculation  of  i)lanes  in  a  rectangular  zone  by  means  of 
the  tangents  of  their  supplement  basal  angles  finds  a  wide  application  in 
this  system.     It  applies  not  only  to  the  main  zones  O  to  i-l  (macrodomes), 


0  to  i-t  (bracliydomeB),  i-'i  to  i-i  (vertical  prisms),  and  /  to  0  (unit  octahe- 
drona),  biit  also  to  any  zone  of  octahedrons  m-n  (or  m-A)  between  O  and  »  n 
(or  i-A),  and  any  transverse  zone  from  i-i  to  ra-i,  and  t-i  tom-i. 


V.  MoNOCLiNio  System. 


In  the  Honoclinic  system  the  nnmber 
of  unknown  quantities  is  three,  viz.,  the 
lengths  of  the  axes  c  and  h,  expressed  in 
terms  of  the  unit  cl  inodiagonal  axis  d,  and 
the  oblique  angle  ^  (also  called  C),  between 
the  baeal  and  vertical  diametral  sections, 
that  is,  between  the  axes  c  and  d.  Three 
independent  measurements  are  needed  to 
determine   these  cryetallographic  elements. 

The  angle  &  is  ohtnse  in  tne  upper  front 
qnadrants,  and  acute  in  the  lower  front 
quadrants ;  the  iilanes  in  the  first  mentioned 
quadrants  are  distinguished  from  tliose  be- 
low by  tiie  minus  sigti.  The  unit  octahe- 
di-on  IB  made  up  of  two  hemi-octahedrons 
(—1  and  +1),  as  shown  in  f.  256. 


Calculation  of  the  Lengths  of  the  Axet, 
and  the  Angles  of  obliquity. 
the  inclination  of  the 


Represent  (see  f. 


Edge  X  on  the  axis  chy  fi.     ^  on  d  by  v.     T  oa  c  by  p. 
X'      "        "     c  "  /i',    X'  on  d  by  v'.    Zoadhy  «■. 

For  tlie  relation  of  the  axes  in  terms  of  these  angles  we  have : 
(1)  In  the  oblique-angled  plane  triangle,  in  the  olinodiagonal  section: 
sin  V 


a 

c 

=  sin  t* 

em  V, 

or 

0 

0  8in/9 

0 

-acoa 

ff 

.= 

a 

csini8 
—  ecos 

^ 

— 

2 

Bin  /t  sir 

m' 

-  when  a  =  1. 
a  sin  /9 


tan/3  = 


sin  (/*  —  /)' 
Further,  ^  +  k  +  ^  =  180° 

(2)  In  the  right-angled  triangle  of  the  orthodiagonal  eection,  (  cot  p  =  ^ 


"  c+a  COS  /3* 

csin  ff 

~  a  +  c  COS  (8 

i  sin  V  sin  i/ 
sin  (y  —  »')' 
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In  the  basal  section,  d  tan  cr  =  J. 
le  above  formulas  serve  to  determine  the  lengths  of  the  axes,  and  the 
angle  of  obliquity,  or,  if  these  are  known,  to  determine  the  values  of  7n  and 
n  by  substituting  mo  for  c,  etc. 

The  angles  fi,  v,  p,  cr,  etc.,  must,  in  general,  be  determined  by  calculation 
from  measured  angles. 

Let  the  inclination  of  a  plane  in  the  positive  quadrant  on  the  clinodi- 
agonal  section  be  denoted  by  X;  that  on  the  orthodiagonal  section  by  IT; 
that  on  the  basal  section  by  Z.  Let  also  the  corresponding  inclinations  of 
a  plane  in  the  negative  quadrants  be  indicated  by  3^\  Y\  Z\  respectively 
(see  f.  256). 

It  is  to  be  noted,  when  the  pinacoids  are  present,  that 

-h  1 A  6>  =  180°-  Z;     +  1 A  a  =  180°-  T;    -f  1  A  i-l  =  180°-X; 
-  1 A  6>  =  180°-  Z' ;    -  1  Ai-i  =  180°-  Y' ;  -  1 A  i-l  =  180°-X'. 

The  same  is  true  for  the  corresponding  angles  of  the  general  form 
±  m-n^  or  jn-h. 
Also,  when  it  1  (f.  256)  alone  are  present  (or  m-n)  note  that 

+  1A+1  =  2X;  -1A-1  =  2X';    +1A-1  (orthodiag.)=  T+T; 

(basal)  =Z+Z'. 

Any  three  of  these  angles  will  serve  to  give  for  tlie  unit  form  (i  1)  the 
length  and  obliquity  of  the  axes,  or,  when  these  are  known,  two  of  these 
angles  are  sufficient  to  deduce  the  values  of  m  and  n  for  any  unknowu 
form. 

In  the  first  case,  as  one  of  the  three  measured  angles  must  be  either 
Y+  Y  or  Z  -{-  Z\  the  formulas  given  above  do  not  immediately  apply. 

For  example,  if  X^  X'  and  Y-^  Y  are  given.  Placing  a  spherical 
triangle,  ahc^  in  f.  256,  with  its  vertices  on  the  edges  X^  X ^  and  J", 
in  this  the  three  angles  will  equal  X^  X  and  Y-^  Y  respectively ;  here 
the  side,  ac^  opposite  the  angle  ( Y-\-  Y)  is  calculated,  which  gives  the  value 
of  /A  4-  /Lt',  also  the  side,  hc^  oppasite  X' ;  then,  again,  in  the  right-angled 
spherical  triangle,  where  be  and  X  are  known,  fi  is  obtained,  thus  fi/  is 
known  and  also  /8.  The  lengths  of  the  axes  follow  from  the  formulas 
given  above. 

The  following  are  some  of  the  cases  which  may  occur: 

(a)  Given  O,  and  iri.     OM-i  (front)  =  180°-  /8,  behind  =  )S. 

{b)  Given  0,  -  1-i, and  4-  l-i.    OA-l-i  =  180°-  i;' ;   C^  A  +  1-i  =  180^ 

—  V.     By  the  formula  given  above,  tan  8  =  — — --.  also,  u  =  180° 

•^  ^  '  sin  (i'  —  i;')  '  ^  ^ 

—  (fi-hv).  Thus  )S,  /A,  and  v  are  known,  and  from  them  the  relation  of  the 
axes  d  and  c  is  deduced. 


(e)  Given  i-t,  -  l-i  and  +  14.  i-i  A  -  l-i  =  180°-  /,i-i  A  +  14  =  180* 
-./i.    As  before,  tan  /8  =  ^  !^'"/  ^^"  f^\  and  p  =  180°-  03  +  fi). 
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{(l)  Given  the  prism  /  and  O  (f.  257).  In  the  ppherical  triangle  ABCy 
C=  90°  (inclination  of  base  on  clinodiagonal  section),  B  =OAly  A  = 
i(/A  /).     Hence,  the  sides  CA  and  CB  ai-e  calculated  ;   CA  =  fi  (or,  as 

in  this  case,  KSO°—  /8) ;    CB  =  a,  which  gives  the  ratio 

of  the  lateral  axes,  d  and  b. 

(e)  Given  1-i  and  O  (or  i-i).     OM-i  =  90°+  p,  and 
ir'i  A  1-i  =  ISO""—  p  ;  also,  1-i  A  1-i  (over  0)=  2p. 

{/)  Given  +  1  and  —  1,  form  as  in  f.  256.  The 
angles  l>et\vcen  the  planes  -\-  1  and  —  1  and  the  diame- 
tral sections  are  indicated  bv  the  Icttei-s  A"  J",  etc.,  as 
before  explained  (p.  77).  l^he  relations  between  these 
an^i^les  and  the  angles  fi,  v,  p,  etc.,  arc  given  in  the  fol- 
lowing formulns,  deduced  by  means  of  spherical  triangles: 


cos  fJb  = 


cos  Y 
sin  A"' 


COR  I  cos  A 

cos  a  =  -; ^. ,     cos  p  = 

sm  A  '^ 


sm 


cos  A^ 
snTT' 


cos  V  = 


alsOy 


cos  Z 
sin  A" 


,       COS  Z 
cos  P  =  -- 


sin  A" 


cos  a 


COS  X       cos  A^ 
sin  Z        sin  Z' ' 


-p.     tan  <T      tan  p 
tan  X  :^  ~ —  =:  -; — ^ , 
sm  V       sm  fjb 


^,      tan  cr       tan  p 
tanA=-^^ — ,       -. — ^. 
sm  i;       sm  fi 


*««  T?^     **"  A*                f^r     tan  u       ^       ^      tan  i;  _,       ta 

tan-r=--r— ^,       tanr'=-^-^,     tan  Z  =    .  — ,     tan  Z' = - 
sm  p  sm  p  *- 


tan  i/ 


sm  (T 


sm  <r 


(g)  Given  the  prism  /  and  —  1  (or  +  1).  The  angles 
/a/,  — 1a/,  — 1a— 1  are  measured.  In  the  spherical 
triangle  ABD  (f.  258),  the  angle  A  =  MI  A  I).  B  =  - 
1  A  /  /?  =  ^(-  1  A  -1)  =  A^',  fnnn  which  the  sides  AD 
=  I/'  -h  (180°  -  ^)  and  AB  are  calculated.  Then  in  the 
second  triangle,  ABC\  0=  90°,  ^Z?  is  known,  also  A; 
encc,  CB  =  crand  (A  =  180°  ~  /3  are  calculated.  Thus 
/•'  and  /Lt'  and  ^  become  known,  and  the  relation  of  d  to 
i  ;  also  from  a-  follows  the  ratic;  of  d  to  J. 


Cahulatlon  of  the  vafues  of  m  and  n. 

In  general,  it  may  be  said  that  the  methods  of  calculation  are  the  same 
as  those  already  given.  In  each  case  the  values  of  /a,  i/,  p,  <r  are  to  l>e 
obtained,  and  those  introduced  into  the  axial  equations  (1,  2,  3)  given 
above  give  the  values  of  m{\  7? J,  etc.,  from  which  m  and  n  are  derived. 
AVlien  in  the  general  form  m-n  {nic  :  nh  :  a)  7i  is  found  to  be  less  than 
unity,  then  h  is  made  the  unit  axis  and  the  form  is  written  7n-h  {inc : 
h  :  n^),  thus  2c\  \b  :  a  becomes  4c* :  5  :  2a  (4-S),  the  same  is  true  for  i-n 
and  \-h. 

1.  Ilemi-octahedrons,  ±  m-n, — Two  measurements  are  needed,  giving 
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two  of  the  angles  X,  Y^  Z,  etc.,  from  which  are  derived  fi  (or  v\  p  (or  cr), 
and  from  the  proper  formulas  m  and  n. 

The  following  liemi-octahedrons  require  one  measurement  only :  ±  7/i, 
i  m-m,  ±  m-y/i,  ±  l-7i,  ±  1-A.  Further,  it  is  to  be  noted  in  regard  to 
them  that  the  forms  ±  m  have  the  same  ratio  of  the  lateral  axes  as  ±  1, 
that  is,  the  same  value  of  <r. 

Forms  ±  1-n,  and  ±  "tn-rriy  have  the  same  ratio  of  the  axes  c  and  a  as  the 
unit  form  ±  1,  that  is,  the  same  values  of  /a,  v  (ji\  v'). 

Forms  ±  m-m^  ±  l-:?t,  have  the  same  ratio  of  the  axes  c  and  b  with 
±  1,  that  is,  the  same  value  of  p. 

2.  Form  t-7i  (or  i-n). — If,  as  before,  JT,  1^  represent  the  inclinations  of 
the  given  prism  on  the  clinodiagonal  and  orthodiagonal  sections  respect- 
ively, it  is  to  be  noted  that : 

X  +  Z  =  90°. 

Similarly  to  f .  257,  we  obtain,  in  general,  for  any  form,  i-n^ 

sin  B  tan  X        j  r      .  ^  i  cot  X 

n  = ^-—j ;  and  for  i-n.  n  =  — : — -pr-, 

0  smp 

Since  i-i  A  i-i  =  90°,  the  tangent  law  can  be  applied  in  this  zone  advan- 
tageously. If  JT^,  Y^  are  tlie  corresponding  angles  for  the  unit  prism  /, 
then  for  i-n, 

.    tan  X      tan  y^  ,    -       .  »  tan  X^     tan  Y 

n  = =^3  = =        and  for  irh^n  = p^  =  ; =^ 

tanX^      tan  Y^  tan  X       tan  Y^ 

3.  Forms  ±  7/i-i,  hemi-orthodomes. — For  each  form  the  corresponding 

values  of  /i,  v  (ja\  v')  are  to  be  obtained  by  measurement  or  else  calculated, 

and  from  tliem  the  value  of  mc  obtained  from  the  formulas  (1),  7nc  = 

sin  V    ^ 
—. — ,  etc. 
sin  fi 

4.  Fc^ins  m-i,  clinodomes. — Similarly  as  with  the  prisms,  when  X  and 
Z  denote  the  angles  with  the  clinodiagonal  and  basal  sections, 

X+Z=90°. 
For  any  form  w-i, 

JcotX 

c  sm  p 
Or  by  the  tangent  law,  X^  being  the  corresponding  angle  for  14, 

tanX^ 


m  = 


tan  X' 
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Tbiclinio  Ststeic. 

The  triclinic  system  is  characterized  by  its  entire  want  of  symmetry. 
The  inclinations  of  all  the  diametral  planes,  and  hence,  the  inclination  of 
the  axes,  are  oblique  to  one  another.  There  are,  then,  five  unknown  quan- 
tities to  be  determined  in  each  case,  viz.,  the  three  angles  of  obliquity  of 
the  axes,  and  the  lengtlis  of  the  axes  b  and  ^,  d  being  made  =  1. 

The  axes  are  lettered  as  in  the  orthorhombic  system :  c  =  the  vertical 
axis,  b  =  the  macrodiagonal  axis,  and  d  =  the  brachydiagonal  axis. 

Let  (f.  259)  a  =  angle  between  the  axes  c  and  b; 
^  =  angle  between  the  axes  6  and  d; 
7  =  angle  between  the  axes  b  and  d. 
Also,  let  A  =  angle  of  inclination  of  the  diame- 
tral planes  meeting  in  the  axes  d;  H  =  angle  of 
inclination  for  those  intersecting  in  the  axis  by  and 
0=  the  angle  of  those  meeting  in  c. 

The  macrodiagonal  (7/1-/1)  and  brachydiagonal 
{mr/t)  planes  are  indicated  as  in  the  orthorhombic 
system,  also  the  planes  opposite  the  acute  angle 
(fi)  are  called  +,  and  those  opposite  the  corre- 
sponding obtuse  angle  —  ;  furthermore,  tlie  planes 
in  front,  to  the  right  (and  behind,  to  the  left)  are  distinguished  by  an  accent, 
as  ni-n\ 

In  the  fundamental  octahedron  formed  by  four  sets  of  planes,  these  are, 
taken  in  the  usual  order  (f.  227),  —  1',  —  1,  +1',  +  1,  and  below,  +  1', 
+  1,  -  1',  -  1. 

In  the  determination  of  any  individual  crystal  belonging  to  this  system, 
the  axial  directions  as  well  as  unit  values  have  to  be  assumed  arbitrarily; 
in  many  cases  {e,ff,,  axinite)  the  custom  of  different  autliors  has  varied 
much.  Two  points  arc  to  be  considered  in  making  the  choice  :  1,  the  cor- 
respondence in  form  with  related  species,  even  if  these  be  not  triclinic,  as, 
for  example,  in  the  feldspar  family  ;  and  2,  the  ease  of  calculaticm,  which 
is  much  facilitated  if,  of  the  planes  chosen  as  fundamental,  the  pinacoids 
are  all,  or  at  least  in  part,  present. 

In  general,  the  methods  of  calculation  are  not  simple.  Some  of  the 
most  important  relations  arc  given  here  (from  Naumann).  In  actual 
practice,  prol)lems  which  arise  may  be  solved  by  son)e  of  tlie  following 
Tormulas,  or  by  means  of  a  series  of  appropriate  spheri(^al  triangles,  usea 
as  in  the  preceding  pages,  and  by  which,  from  the  measured  angles,  the 
required  elements  of  the  forms  may  be  obtained. 

In  addition  to  the  angles  already  defined,  let,  as  follows  (f.  259), 

2l  =  inclination  of  a  plane  on  the  brachydiagonal  section ; 
I^=  "  "  "      macrodiagonal        " 

Z=  "  "  "      basal  " 

Let  the  inclination  of  the  edge, 

JT on  c  =  fi,  Yon  c  =  p,  Z  on  rf  =  <r, 

J[  on  d  =  Vy  y  on  J  =  7r,  Z  on  3  =  t, 
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Wlien  the  three  pinacoids  are  present,  tlie  angles  Ay  B,  C  are  given  by 
jneasarenient.  These  angles  are  connected  with  the  axial  angles  by  the 
following  equations : 

cos  A  -h  cos  B  cos  C  ^      cos  B  4-  cos  C  cos  A 

cos  a  = ; — jy—. — jz ;     cos  A>  = -. — jy—- — i 5 

Bin  B  sin  O  sm  6^  sin  -d.         ' 

__  cos  C  +  cos  A  cos  B^ 

cos  'Y  —  ;        T      ;        jy  • 

Sin  A&mB 
also, 

sin  a  :  sin  /8  :  sin  7  =  sin  -4  :  sin  ^  :  sin  0. 

The  relations  between  the  angles  a,  /9, 7,  and  the  angles  fi,  1/,  etc.,  are  as 
follows : 

2  sin  p  sin  0'      2  sin  it  sin  tt' 

tan  a  =  — : — f- fr-  =     . — -. ^. 

sm  (/>  —  p)         sin  (it  —  w  ) 

^  _  2  sin  /A  sin  fi'  _  2  sin  v  sin  1/ 
sm  (/A  —  /i )         sm  (1/  —  1/ ) 


Also, 


2  sin  T  sin  t'       2  sin  <r  sin  cr' 

tan   7  =  — ; 7 jr-  =  — ; 7 ?r 

'        sin  (t  —  T )  sm  (<r  —  cr ) 


'\  • 


a  +  Tr  +  p  =  l3-hfi  +  v  =  y  +  (r-\-T  =  180°. 


The  relations  between  X,  J^,  Z,  and  -4,  jB,  (7,  and  /a,  i/,  etc.,  are  given 
by  the  following  formulas,  in  which  the  sum  and  difference  of  JT  and  J^, 
etc.,  are  calculated,  and  fi'om  them  the  angles  JT,  Ty  etc.,  themselves  are 
obtained : 

tan  ^X+  Z)  =  cot  ^A  .  ^  {^°"  ~  % 
^  '  COB  i{a  +  v) 

tan  i(X-  Z)  =  cot  iA  . "!°  j^*"  ~  % 
^  '  Bin  i(<r  +  V) 

tan  i(r  +  Z )  =  cot  i^ .  °°"  t^""  ~  "^j. 
^  '  cos  i(T  +  tt) 


6 


tan  Kl^-  ^)  =  cot  i5 .  8?°  ii-^  -  ^) 
^  '  Bin  i(T  +  it) 


COS 

Z  +  coe 

Xcos 

A 

sin  X  sin  A 

\ 

COB 

Z+  cos 

Y  Q.Q% 

B 
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COS  Y -\-  cos  Xcos  C 

COS  U  ==   . =1^^— ; 7^ ,      cos  V  = 

'^  Sill  Y  sm  6^        ' 

__  cos  X+  cos  JTcos  C      ^        _ 

cos    P    —  •  iT^       I  /;/  •  COB    ft     ^— '  i  ^^?      i  ^:j- 

'^  Sin  Y  sm  Z        '  sin  Jr  sm  p 

cos  JT  +  cos  Z  cos  -4  cos  I^+  cos  Z  cos  -5 

cos  <r  = ; — 7f-- — -J. ,    cos  T  = ; — ^—, — yj . 

sin  Z  sm  ^  sin  Z  sin  B 

Further,  sin  X :  sin  7  =  sin  p  :  sin  /i. 

sin  Y :  sin  Z  =  sin  t  :  sin  tt. 
sin  Z  :  sin  X  =  sin  v  :  sin  cr. 

• 

The  followini^  equations  give  the  relations  of  the  angles  /i,  p,  p,  etc.,  to 
the  axes  and  axial  angles : 

a  sin  /8  ^  c  sin  S 

tan  /i  = ^--3  ;    tan  1/  = ^-—^. 

c  —  a  cos  p  a  —  c  cos  p 

i  sin  a  ^  c  sin  a 

tan  p  =  i ;    tan  w  =  ^ . 

^       c-—  b  cos  a  6  —  c  cos  a 

a  sin  7  .  J  sin  7 

tan  T  =  Y ^ —  ;    tan  v  = , — ^^ — . 

0  —  a  cos  7  a  —  b  COB  7 

Also,  sin  T  :  sin  cr  =  4  •  2j 

sin  p  :  sin  tt  =  J  :  ^, 
sin  1/ :  sin  /t  =  (? :  c{. 
For  any  form  mru^ 

Tw^/i  A i-i  =  180°-  Y\  w-7iAi-f  =  180°— X;  w-nA  (9  =  180^— Z. 

For  a  vertical  hemiprism,  X-f- 1^+  C7=  180°, 

rf  :  2  =  sin  y .  sin  a  :  sin  X  :  sin  /8. 

For  a  macrodiagonal  hemidorae,  Y+Z  +  jB  =  180°, 

d  :  c  =  sin  T".  sin  a  :  sin  Z .  sin  7. 

For  a  brachy diagonal  hemidome,  X-I-Z-I--4.  =  180°, 

2  :  c  =  sin  X  sin  )9  :  sin  Z  sin  7. 

By  writing  mo  for  Cj  nb  for  S,  etc.,  these  formulas  will  answer  also  for 
the  "determination  of  m  and  n.  It  is  supposed  in  the  above  .that  the 
measured  edge  is  parallel  to  the  axis  of  the  given  hemiprism,  etc. ;  when 
this  is  not  the  case  the  relations  are  a  little  less  simple. 
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Measurement  of  the  Angles  op  Crystals. 

The  angles  of  crystals  are  measured  by  means  of  instruments  which  are 
called  goniometers. 

The  simplest  form  of  these  instruments  is  the  hand-goniometer,  repre- 
sented in  f.  260.     It  consists  of  an  arc,  graduated  to  half  degrees,  or  finer, 

260 


and  two  movable  arms.  In  the  instrument  figured,  one  of  the  arms,  «J, 
has  the  motion  forward  and  backward  by  means  of  slits  gh^  ik ;  the  other 
arm,  <%?,  has  also  a  simiW  slit,  and  in  addition  it  turns  around  the  centre  of 
the  arc  as  an  axis.  The  planes  whose  inclination  is  ta  be  measured  are 
applied  between  the  arms  ao^  cOj  and  the  latter  adjusted  so  that  they  and 
the  surfaces  of  the  planes  are  in  close  contact  THiis  adjustment  must  be 
made  with  care,  and  when  the  instrument  is  held  up  to  the  light  none  must 
pass  through  between  the  arm  and  the  plane.  The  number  or  decrees  read 
oflF  on  the  arc  between  k  and  the  left  edge  of  d  (this  edge  being  m  the  line 
of  the  centre,  o^  of  the  arc)  is  the  angle  required.  The  motion  to  and  fro  by 
means  of  the  slits  is  for  the  sake  of  convenience  in  measuring  small  or 
imbedded  crystals.  In  a  much  better  form  of  the  instrument  the  arms  are 
wholly  separated  from  the  arc  ;  and  the  arc  is  a  delicately  graduated  circle 
to  which  the  arms  are  adjusted  after  the  measurement. 

The  hand-goniometer  is  useful  in  the  case  of  large  crystals,  and  those 
whose  faces  are  not  well  polished  ;  the  measurements  with  it,  however,  are 
seldom  within  a  quarter  of  a  degree  of  accuracy.  In  the  finest  specimens 
of  crystals,  where  the  planes  are  8mfx>th  and  lustrous,  results  far  more 
accurate  may  he  obtained  by  means  of  a  different  instrument,  called  the 
reflecting  goniometer. 

liejltcting  Goniometer. — This  instrument  was  devised  by  Wollaston,  in 
1809,  but  it  has  been  much  improved  in  its  various  parts  since  his  time, 
especially  by  Mitscherlich.  The  principle  on  which  it  is  constructed  may 
be  miderstood  by  reference  to  the  following  figure  (f.  261),  which  repre- 
sents a  crystal,  whose  angle,  abc,  is  required. 

The  eye  at  jP,  looking  at  the  face  of  the  crystal,  Jc,  observes  a  reflected 
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image  of  m,  in  the  direction  of  Pn.  The  crystal  may  now  he  bo  clianged  in 
itfi  position,  that  the  Eanic  image  is  seen  reflected  by 
261  the  next  face   and   in   the   saiiic   direction,   Pn.     To 

effect  this,  the  crystal  niuBt  be  turned  around,  until 
ahd  has  tlie  present  direction  of  he.  Tlio  angle  dbc, 
measures,  therefore,  the  number  of  degrees  lliroiigh 
wliich  the  crystal  must  be  turned.  But  ahc,  subtracted 
from  \  80°,  equals  the  required  angle  of  the  crystal, 
cAc.    The  crystal  is,  theretore,  passed  in  its  revolution 

through  an  angle  which  is  the  supplement  of  the  required  angle.     This 


angle  evidently  may  be  raoaBured  by  attaching  the  crystal  to  a  graduated 
circle,  which  should  turn  with  tlie  crystal. 

The  accompanying  cut  (f.  262)  represents  a  reilecting  goniometer  made 


MATHEMATICAL   CRYSTALLOORAPHT.  85 

bv  Oertling,  in  Berlin.  It  will  suffice  to  make  clear  the  general  character 
of  the  infitriunent,  as  well  as  to  exhibit  some  of  the  refinements  added  for 
the  sake  of  greater  exactness. 

The  circle,  C^  is  graduated,  in  this  case,  to  twenty  minutes,  and  by  means 
of  the  vernier  at  v  the  readings  may  be  made  to  minutes  and  half  min- 
utes. The  crystal  is  attached  by  means  of  wax  to  the  little  plate  at  k ; 
this  may  be  removed  for  convenience,  but  in  its  final  position  it  is,  jis  here, 
at  the  extremity  of  the  axis  of  the  instrument.  This  axis  is  moved  by 
means  of  the  wheel,  n ;  the  graduated  circle  is  moved  by  the  wheel,  m. 
These  motions  are  so  arranged  that  the  motion  of  n  is  independent,  its  axis 
being  within  the  other,  while  on  the  other  hand  the  revolution  of  m  moves 
both  the  circle  and  the  axis  to  which  the  crystal  is  attached.  This  ar- 
rangement is  essential  for  convenience  in  the  use  of  the  instrument,  as 
will  be  seen  in  the  course  of  the  following  explanation. 

The  screws,  o,  d^  are  for  the  adjustment  of  the  crystal,  and  the  slides, 
a^  />,  serve  to  centre  it. 

The  method  of  procedure  is  briefly  as  follows :  The  crystal  is  attached 
by  means  of  suitable  wax  at  A,  and  adjusted  so  that  the  direction  of  the 
combination-edge  of  the  two  planes  to  be  measured  coincides  with  the  axis 
of  the  instrument ;  the  wheel,  n,  is  turned  until  an  object  {e.g,^  a  window- 
bar)  reflected  in  one  plane  is  seen  to  coincide  with  another  object  not 
reflected  (^.<7.,  a  chalk  line  on  the  floor),  the  position  of  the  graduated  circle 
is  observed,  and  then  both  crystal  and  circle  revolved  together  by  means 
of  the  wheel,  m,  till  the  same  reflected  object  now  seen  in  the  second  plane 
again  coincides  with  the  fixed  object  (that  is,  the  chalk  line) ;  the  angle 
through  which  the  circle  has  been  moved,  as  read  off  by  means  of  the 
vernier,  is  the  supplement  angle  between  the  two  planes. 

In  order  to  secure  accuracy,  several  conditions  must  be  fulfilled,  of 
which  the  following  are  the  most  important : 

1.  The  position  of  the  eye  of  the  observer  must  remain  perfectly 
stationary. 

2.  The  object  reflected  and  that  with  which  it  is  brought  in  coincidence, 
should  be  at  an  equal  distance  from  the  instrument,  and  this  distance 
should  not  be  too  small. 

3.  The  crystal  must  be  accurately  adjusted ;  this  is  so  when  the  line 
seen  reflected  in  the  case  of  each  plane  and  that  seen  directly  with  which 
it  is  in  coincidence  are  horizontal  and  parallel.  It  can  be  true  only  when 
the  intersection  edge  of  the  two  planes  measured  is  exactly  in  the  direction 
of  the  axis  of  the  instrument,  and  p6i-pendicular  to  the  plane  of  the  circle. 

4.  The  crystal  must  be  centered  as  nearly  as  possible,  or,  in  other  words, 
the  same  intersection -edge  must  coincide  with  a  line  drawn  through  the  re- 
volving axis.  This  conclition  will  be  seen  to  be  distinct  from  the  preced- 
ing, wnich  required  only  that  the  two  directio7\^  should  be  tlie  same.  The 
error  arising  when  this  condition  is  not  satisfied  diminishes  as  the  object 
reflected  is  removed  farther  from  the  instrument,  and  becomes  zero  if  the 
object  is  at  an  infinite  distance. 

The  first  and  second  conditions  are  both  satisfactorily  fulfilled  by 
the  use  of  a  telescope,  as  ^,  f.  262,  with  slight  magnifying  power.  This 
is  arranged  for  parallel  light,  and  provided  with  spider  lines  in  its 
focus.       It  admits  also  of  some  adjustments,  as   seen  in  the  figure,  but 
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when  used  it  mnst  be  directed  exactly  toward  the  axis  of  the  goniometer. 
This  telescope  has  also  a  little  magnifying  glass  (g,  f.  262)  attached  to  it, 
which  allows  of  the  crystal  itself  being  seen  when  mounted  at  k.  This 
latter  is  used  for  the  first  adjustments  of  both  planes,  and  then  slipped 
aside,  when  some  distant  object  which  has  been  selected  must  be  seen 
in  the  field  of  the  telescope  as  reflected,  fii-st  by  the  one  plane  and 
then  by  the  other  as  the  wheel  n  is  revolved.  When  the  final  aajustments 
have  been  made  so  that  in  each  case  the  object  coiii(*.ides  with  the  centre  of 
the  spider-cross  of  the  telescope,  and  when  f  urtlicr  the  edge  to  be  measured 
has  been  centered,  the  crystal  is  ready  for  measurement 

This  telescope,  obviously,  can  be  used  only  when  the  plane  is  smooth  and 
lari^e  enough  to  give  distinct  and  brilliant  reflections.  In  many  cases 
sudicient  accuracy  is  obtained  without  it  by  the  use  of  a  wiudow-bar  and 
a  white  chalk  line  on  the  fl(X)r  below  for  the  two  objects  ;  the  instrument  in 
this  case  is  placed  at  the  opposite  end  of  the  room,  with  its  axis  parallel  to 
the  window  ;  the  eye  is  brought  veiy  close  to  the  ciystal  and  held  motionless 
during  the  measurement. 

The  best  instruments  are  provided  with  two  telescopes.  The  second 
stands  opposite  the  telescope,  t  (see  figure),  the  centres  of  both  telescoijes 
l)eing  in  the  same  plane  pei^pendicular  to  the  axis  of  the  instrument 
This  second  telescope  has  also  a  hair  cross  in  the  focus,  and  this,  when 
illuminated  by  a  brilliant  gas  burner  (the  rest  of  the  instrument  being 
protected  from  the  light  by  a  screen)  will  be  reflected  in  the  successive 
faces  of  the  crystal.  The  reflected  cross  is  brought  in  coincidence  with  the 
cmss  in  the  fii'st  telescope,  first  for  one  and  then  for  the  other  plane.  As 
the  lines  are  delicate,  and  as  exact  coincidence  can  take  place  only 
after  perfect  adjustment,  it  is  evident  that  a  high  degree  of  accuracy  is 
possible. 

Still  more  than  before,  however,  are  w^ell-polished  crystals  required,  so 
that  in  the  majority  of  cases  the  use  of  the  ordinary  double  telescopes  is 
impossible.  Very  often,  however,  the  second  telescope  may  be  advantage- 
ously replaced  by  another  having  an  adjustable  slit  in  its  focus,  as  proposed 
by  Websky,  allowing  of  being  made  as  narrow  as  is  convenient;  or,  as  sug- 
gested by  8(rhrauf,  the  spider-lines  of  the  second  telescope  may  be  re- 
placed by  a  piece  of  tin-foil,  in  which  two  fine  cross  lines  have  been  cut; 
these  are  illuminated  by  a  gas-buruer.  Bv  these  methods  the  reflected 
objeiit  is  a  brii2:ht  line  or  cross,  instead  of  the  dark  sj)ider-lines,  and  it  is 
visible  in  the  first  telescope  even  when  the  planes  are  extremely  minute, 
or,  on  the  other  hand,  soinew^hat  rough  and  uneven  ;  the  image  is  naturally 
not  perfectly  distinct,  but  sufticienth'  so  to  admit  of  good  measurements 
(<?.</.,  within  two  or  three  minutes). 

Tlie  third  and  fourth  conditions  are  the  most  diflScult  to  fulfil  absolutely. 
In  the  cheaper  instruments  the  contrivance  to  accomplish  the  end  often 
(consists  of  a  jointed  arm  so  placed  as  to  have  two  independent  motions  at 
right  angles  to  each  other,  in  the  best  instruments  the  greatest  care  and 
attention  is  paid  to  this  point,  and  a  great  variety  of  ingenious  contrivancee 
have  been  devised  to  overcome  the  various  practical  difticulties  arising. 

The  cut  (f.  262)  shows  one  of  these  in  its  simpler  form.  The  crjBtal  is 
approximately  adjusted  by  the  hand,  and  then  the  operation  completed  by 
means  of  the  screws  c  and  d.     These  give  two  motions  at  right  angles  to 
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each  other,  and  the  arrangement  is  such  that  the  motions  are  made  on  the 
surface  of  a  spherical  segment  of  which  the  crystal  itself  occupies  the 
centre,  so  that  it  is  not  thrown  entirely  out  of  the  axis  of  the  instrument 
by  the  motions  of  the  screws.  The  adjustment  having  been  accurately 
made,  the  edge  is  centered  by  means  of  two  sliding  carriages,  a,  J,  moving 
at  right  angles  to  each  other ;  here  they  are  moved  by  hand,  but  in  bettei* 
instruments  by  tine  screws.  The  edge  must  be  first  centered  as  carefully  as 
practicable,  then  the  complete  adjustments  made,  and  finally  again  centered, 
as  before,  to  remove  the  excentricity  caused  by  the  movement  of  the  ad- 
justment screws.  The  successful  use  of  the  most  elaborate  instruments  is 
only  to  be  attained  after  much  patient  practice. 

Theoretical  discussions  of  the  various  errors  arising  in  measurements  and 
the  weight  to  be  attached  to  them  have  been  given  by  Kuppfer  (Preis- 
schrift  iiber  genaue  Messung  der  Winkel  an  Krystallen,  1825),  also  by 
Nauraann,  Grailich,  Schrauf,  and  others  (see  literature,  p.  iv). 

It  has  been  stated  that  when  the  two  planes  have  been  adjusted  in  the 
ffoiiiometer  so  that  their  coTnbinatir>n-edge  is  parallel  to  the  axift  of  the 
instrument,  the  reflections  given  by  them  will  be  parallel.  It  is  evident 
from  this  that  any  other  planes  on  the  crystal  which  are  in  the  same  zone 
with  the  two  mentioned  planes  will  also  give,  as  the  circle  is  revolved, 
reflections  parallel  to  these.  This  means  gives  the  test  referred  to  on 
p.  53,  leading  on  the  one  hand  to  the  discovery  of  zones  not  indicated  by 
parallel  intersections,  and  on  the  other  hand  showing,  in  regard  to  supposed 
zones,  whether  they  are  so  in  fact  or  not. 

The  degree  of  accuracy  and  constancy  in  the  angfles  of  crystals  as  they  are  given  by  nature 
is  an  important  subject.  CrystaUography  as  a  science  is  based  upon  the  assumption  that  the 
forms  made  by  nature  are  perfectly  accurate,  and  whenever  exact  measurements  are  possible, 
supposing  the  crystals  to  have  been  free  from  disturbing  influences,  it  has  been  fouud  that 
this  assumption  is  warranted  by  the  facts ;  in  other  words,  the  more  accurate  the  measure- 
ments the  more  closely  do  the  angles  obtained  agree  with  those  required  by  theory.  An 
example  may  illustrate  this : — On  a  crystal  of  sphalerite  (zinc-blende),  from  the  Binnenthal, 
exact  measurements  were  made  by  Kokscharow  to  test  the  point  in  question.  He  found  for 
the  angle  of  the  tetrahedron  70-*  31'  48',  required  70^  31'  44'  ;  for  the  octahedral  angle 
109"  27  42%  required  lOQ**  28  16' ;  and  for  the  angle  between  the  tetrahedron  and  cube 
125"  15'  52',  required  125°  15'  52\  The  crystallognraphic  works  of  the  same  author,  as  well 
as  those  of  many  other  workers  in  the  same  field,  contain  many  illustrations  on  the  same 
subject.  At  the  same  time  variations  in  angle  do  occasionally  occur,  from  a  change  in 
chemical  composition,  and  from  various  disturbing  causes,  such  as  heat  and  pressure  (see 
farther,  p.  107).  Further  than  this,  it  is  universally  true  that  exact  measurements  are  in 
comparatively  few  cases  possible.  Many  crystals  are  large  and  rough,  and  admit  of  only 
approximate  results  with  the  hand  goniometer ;  others  have  faces  which  are  more  or  less 
polished,  but  which  give  uncertain  reflections.  This  is  due  in  some  cases  to  striations,  in 
others  to  the  fact  that  the  surfaces  are  curved  or  more  or  less  covered  with  markings  or 
etchings,  like  those  common  on  the  pyramidal  planes  of  quartz.  In  all  such  cases  there  is  a 
greater  or  less  discrepancy  between  the  measured  and  calculated  angles. 

The  important  point  to  be  noted  always  is  the  degree  of  accur.icy  attainabl'',  or,  in  other 
words,  the  probable  error.  The  true  result  to  be  accepted  is  always  to  be  obtained  by  the 
discussion  of  all  the  measurements  in  accordance  with  the  methods  of  least  squares.  This 
method  involves  considerable  labor,  and  in  most  cases  it  is  sufficieut  to  take  the  arithmetical 
mean,  noting  what  degree  of  weight  is  to  be  attached  to  each  measurement.  It  is  to  be  noted 
that  where  measurements  vary  largely  the  probable  error  in  the  mean  accepted  will  be  con- 
siderable ;  moreover  an  approximate  measurement  may  not  be  the  more  accurate  because  it 
happeriH  to  agree  closely  with  the  theoretical  angle. 

For  the  determination  of  the  symbols  of  planes,  measurement  accurate  within  30',  or  even 
1^,  are  generally  sufficient. 

"When  planes  are  rough  and  destitute  of  lustre  the  angles  can  best  be  obtained  with  the 
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reflecting  goniometer,  the  reflections  of  the  light  from  an  object  like  a  candle-flame,  being 
taken  in  place  of  more  dintinct  images. 

For  imbc*ddod  ciyfltals,  and  often  in  other  caseR,  measurements  may  be  veiy  advantage- 
ourIj  made  from  impressions  in  some  material,  like  sealing-wax.  Angles  thns  obtained  ought 
to  be  accurate  within  one  degree,  and  nuflice  for  many  purposes.  It  is  sometimes  of  advan- 
tage to  attach  to  the  planes  to  be  measured,  when  quite  rough,  fragments  of  thin  glass,  from 
which  reflections  can  be  obtained ;  this  must,  however,  be  done  with  care,  to  avoid  consider- 
able error. 

COMPOUND,   OR  TWIN  CRYSTAIjS. 

Twin  crystalr  are  those  in  which  one  or  more  parts  regularly  arrranffed 
are  in  reverse  position  with  reference  to  the  other  pait  or  parts.  Tney 
often  appear  externally  to  consist  of  two  or  more  crystals  symmetrically 
nnited,  and  sometimes  have  the  form  of  a  cross  or  star.  They  also  exhibit 
the  c<>inix>sition  in  the  revei-sed  arran<]re!nent  of  part  of  the  planes,  in  the 
strife  of  the  surface,  and  in  re-entering  angles  ;  in  other  cases  the  componnd 
structure  is  detected  only  by  polarized  light.  The  following  figures  are 
examples  of  the  simpler  kinds.     Fig.  2G3  is  a  twinned  octahedron  with 
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re-entoring  angles.     Fig.  2r)3A  represents  the  regular  octahedron  divided 

into  two  halves  by  a  plane  parallel  to  an  octahedral  face  ;  the  revolving  of 

the  upper  half  around  180°  produces  the  twinned  form.     Fig.  264  consists 

of   a  square  prism,  with  pyramidal  terminations,  twinned  parallel  to  a 

diagonal  plane  between  opposite  solid  angles,  as  illustrated  in  f.  264a, 

a   representation  of  the   simple   form.     A  revolution  of  one  of  the  two 

halves  of  f.  264a  180°  about  an  axis  at  right  angles  to  the  diagonal  plane 

outlined  in  the  figure,  would  produce  the  form  in  fitf.  264. 

Crystals  which  occupy  parallel  positions  with  reference  to  each  other, 

that  is,  those  whose  similar  axes  and  planes  are  parallel,  are  not  properly 

called  twins  ;  the  term  is  applied  only  where  the  crystals  are  united  in  their 

revci-sed  position  in  accordauce  with  some  deducible  mathematical  law.     In 

conceiving  of  them  we  imagine  first  the  two  individuals  or  portions  of  the 

same  individual  to  be  in  a  parallel  position,  and  then  a  revolution  of  180° 

to  take  place  about  a  certain  line,  as  axis,  which  will  bring  them  into  the 

twinning  |)osition. 

An  exception  to  the  principle  in  regfard  to  parallel  axes  is  afforded  in  the  case  of  hemihe- 
dral  crystals,  in  some  of  which  a  n^volution  of  180°  has  the  effect  of  producing  an  apparent^ 
holohedral  form,  the  axes  of  the  parts  revolved  remaining  paralleL 
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Id  Mme  catea  le.g..  heikgonal  fonnB),  r  revolation  of  60°  would  produce  tlie  tvriuned 
form,  but  in  treating  of  ttie  subject  it  is  bettet  to  moke  the  naifomi  oasumption  of  a  revolu- 
tion ot  ISO^,  wbich  will  atuwer  in  all  cosbb. 

It  is  not  to  be  anppoaed  that  twins  bare  actuallj  been  formed  bj  BQoh  a  revolution  of  the 
parta  of  aryntals,  for  tlie  twin  is  the  resnlt  of  regular  motccalar  growth  or  enlargement,  like 
that  of  the  simple  crystal  This  reference  to  a  rtcalvtioit,  and  an  axit  of  reroiiition,  is  only 
a  convenient  meana  of  describing  the  forms.  But  while  this  is  tme,  it  is  important  to  ob- 
serve that  the  iivn  deduced  to  explain  the  twinning  of  o  crystal  have,  from  a  moleonlar 
■tondpoint,  a  real  eiistenoe.  The  measurements  of  Sohrauf  on  twins  of  ceruasite  (Tsch. 
Hln-  iMitlh.,  1873,  209)  show  the  complete  oorreB|iondence  between  the  actual  angles  and 
those  raquiii»d  in  accordance  with  the  law  of  twinning. 

Twinning  axis. — The  line  or  axis  about  wliich  the  revolution  of  180°  is 
Bupposcd  to  take  place  is  called  the  twinniiig-axis  (Zwilliiigease,  Germ.), 
or  axis  of  revohitioii. 

Tlie  following  law  has  been  deduced  in  regard  to  (his  axis,  upon  which 
the  theory  of  the  whole  subject  depends : 

The  twinning  axis  is  ahvavs  a  possible  crvstallograpliic  line,  usnally 
■    dither  an  axis  or  a  normal  to  some  jKissible  crystalline  plane. 

Twinningplane. — The  plane  normal  to  the  axia  of  revolution  is  called 
the  twioniug-plane  (ZwilHugsilaehe,  Germ.).    The  axis  and  plane  of  twin- 
ning bear  the  same  relation  to  both  individiiala  in  their  reversed  petition  ; 
0  consequently  (except  in  some  of  hemihedral  and  triclinic  forms)  the  twin- 
-ned  crystals  are  symmetrical  with  reference  to  tiie  twinning-plane. 

Oornpotitionplane. — The  plane  by  which  the  i-evorsed  crj'otals  is  united 
ie  the  composition-plane  or  -face  (Znsammcnsetznngsflache,  Germ.).  This 
and  the  twiuning-plane  very  commonly  coincide ;  tliis  is  true  of  the  simple 
examples  given  alnive  (f.  263,  204)  where  the  plane  abtint  which  the  revolu- 
tion is  conceived  as  having  taken  place  (normal  to  the  twinning  axia),  and 
the  plane  by  which  the  seini-individnals  arc  united,  are  identical.  \Vlien 
;■  not  coinciding  the  two  planes  are  generally  at  right  angles  to  each  other, 
that  is,  the  composition  face  is  paiiillel  to  the  axis  of  revoTiition.  Example 
of  this  are  given  beyond  (p.  1*9).  Still  again,  wJiere  the  crystals  are  not 
regularly  developed,  and  whei-e  they  interpenetrate,  and,  as  it  were,  exer- 
cise a  diBtnrbing  inflnence  upon  each  other,  the  contact  surface  may  be 
interrupted,  or  may  be  exceedingly  irregular.  In  such  cases  the  axis  and 
plane  of  twinning  have,  as  always,  a  dehnite  position,  bnt  the  composition- 
race  has  lost  its  signtficai'ce- 

Thus  in    quarte    the  interpenetratinf*   parts  have  866 

often  no  rectilinear  boundary,  but  miTigJe  in  tiie  most 
irregular  manner  thi-nughout  the  mass,  and  showing 
this  composite  irregularity  by  abrnpt  variations  of  the 
planes  at  the  surface.  Fig.  205  exhibits  by  its  shaded 
part  the  parts  of  the  plane  —  1  that  appear  over  the 
surface  of  the  plane  i?,  owing  to  the  interior  composi- 
tion. This  internal  structure  of  quartz,  found  in  almost 
all  quartz  crystals,  even  the  common  kinds,  is  well 
brought  out  by  moans  of  polarized  light ;  also,  by 
etching  with  hydrofluoric  acid,  the  plane  —  1  and  B 
becoming  etclicd  unequally  on  the  same  amount  of 
exposure  to  the  acid. 

The  twinning-plane  is,  with  rare  exceptions,  a  pos- 
sible occurring  plane  on  the  given  species,  and  usually  one  of  the  more 
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frequent  or  fundamental  planes.  The  exceptions  o<*cur  only  in  the  triclinic 
and  monoclinic  systems,  wlicre  the  twinning  axis  is  sometimes  one  of  the 
oblique  crystallograjJiic  axes,  and  then  the  plane  of  twinning  normal  to  it 
is  obviously  not  necessarily  a  crystallographic  plane,  tliis  is  couspieuons  in 
albite.  In  these  cases  the  compositiiiU-face  is  often  of  more  significance 
than  the  twinning-plane,  the  former  being  distinct  and  parallel  to  the 
axis,  in  accordance  with  the  principle  stated  alx)ve. 

With  reforonco  to  tho  composition -face,  the  twinning  may  be  described  as  taking  place  (1) 
by  a  revolution  on  an  axis  at  right  angles  to  the  comi>08ition-face,  (2)  on  an  axis  pandlel 
to  it  aiirl  vertical,  ili)  by  an  axis  parallel  to  it  and  horizontal ;  whether  the  reyolation 
taken  x>lacc  with  the  right  or  left  half  of  the  crystal,  the  twin  is  right-  or  left-handed. 

One  further  principle  is  of  theoretical  importance  in  the  mathematical 
explanation  of  the  forms.  The  twinning  axis  may,  in  many  cases,  be  ex- 
changed for  another  line  at  right  angles  with  it,  a  revolution  alxnit  which 
will  also  satisfy  the  conditions  of  ]>roducing  the  i-equired  form.  An  exam- 
j>Kf  of  this  is  furnished  by  f.  31  y,  of  orthoclase ;  the  composition-face  is 
parallel  to  /-i,  the  axis  of  revolution  also  parallel  to  this  plane,  and  (a)  nor- 
mal to  i-/,  which  is  then  consequently  the  twinning-plane,  though  the  axis 
d^>es  not  coincide  with  the  crystHlIogmphic  axis,  or  (0)  it  may  coincide  with 
the  vertical  axis,  and  then  the  twinning-j>lane  normal  to  it  is  not  a  crys- 
tallographic plane.  In  other  simpler  cjises  also,  the  same  principle  holds 
good,  generally  in  consequence  of  the  possible  mutual  interchange  of  the 
l)lane8  of  twinning  and  coni]K)sition.  In  most  cases  the  true  twinning-plane 
is  evident,  since  it  is  parallel  to  some  plane  on  the  crystal  of  simple  mathe- 
matical ratio. 

An  interesting  example  of  the  above  principle  is  famished  by  the  species  staurolite. 
Fig.  307,  p.  98.  shows  a  prismatic  twin  observed  by  the  author  among  crystals  from  Fannin 
Co.,  Ga.     The   measured  angle  for  i-i  A  < -^  was  70'''  30  ;  the  twinning-axis  deduced  from 

this  may  bo  the  normal  to  the  plane  i-^,  which  would  then  be  the  twinning-plane.  Instead 
of  this  axis,  ite  complementary  axis  at  right  angles  to  it  may  be  taken,  which  wiU  equally 

well  produce  the  observc^d  form .  Now  in  this  species  it  happens  that  the  planes  *-5  and  «-l 
(over  i-l)  are  almost  exactly  at  right  angles  (90*'  8')  with  each  other,  and  hence,  according  to 
this  latter  supposition,  t-.1  becomes  the  twinn  ng-plane.  and  the  axis  of  reyolntion  is  normal 

to  it.  Hence,  either  /-J  or  j-5  may  be  the  twinning-plane,  either  supposition  agrees  closely 
with  the  measured  angle,  which  could  not  be  obtained  with  great   accuracy.     The  former 

method  of  twinning  (/-^)  conforms  to  the  other  twins  observed  on  the  species,  and  hence  it 
may  be  accei»fced.  What  is  tnie  in  this  case,  however,  is  not  always  true,  for  it  wiU  seldom 
happen  that  of  the  two  compleintMitary  axes  each  is  so  nearly  normal  to  a  plane  of  the  crystaL 
In  most  cuM'H  tnut  of  the  two  axes  conforms  to  the  law  in  being  a  normal  to  a  possible  plane, 
and  the  other  does  not,  and  hence  there  is  no  doubt  as  to  which  is  the  true  twinning 
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Cfmtact-twins  and  Penefration'ficinfi. — In  contact-twins,  when  normally 
formed,  the  two  halves  arc  simply  connate,  being  united  to  each  other  by 
the  composition-face ;  this  is  illustrated  by  f.  2G3,  264.  In  actually  occur- 
ring crystals  the  two  parts  are  seldom  symmetrical,  as  demanded  by  theory, 
but  one  may  preponderate  to  a  greater  or  less  extent  over  the  other;  in 
some  cases  only  a  small  portion  of  the  second  individual  in  the  reversed 
position  may  exist.  Very  great  irregularities  ai'e  observed  in  nature  in  this 
respect.  Moreover,  the  re-entering  angles  are  often  obliterated  by  the  ab- 
normal developments  of  one  or  other  of  the  parts,  and  often  only  an  indiflr 
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tinct  line  on  some  of   the  faces   marks   the   diFtsion  bettreen  the   twi> 
individuals. 

Penetration-troina  are  those  in  which  two  or  more  complete  crystals 
interpenetrate,  as  it  were  ci-ossiiig  through  each  other.  Norniallv,  the 
trratals  have  a  common  centre,  which  is  tile  (lentre  of  the  axial  system  for 
b»>th ;  practically,  however,  as  in  contact-twins,  great  irregularities  occur. 

Examples  of  these  twins  are 
given  iu    the  annexed    tigui-es,  3(10  867 

f.  266,  of  flnorite,  and  f.  267.  o£ 
hematite.  Other  examples  occur 
in  the  pages  following,  as,  for 
instance,  or  the  species  6taun)litc, 
f .  309  to 312,  thecrystals of  which 
sometimes  occur  in  nature  with 
ahnoet  tlie  perfect  symmetry  de- 
manded hy  theory.  It  is  obvi- 
ous tliat  the  distinction  between 
contact  and  penetration-twnis  is 

not  a  very  important  one,  and  tlie  line  cannot  always  be  clearly  drawn 
between  tliem. 

Parageiiie  and  Metagenic  twins. — The  distinction  of  paragenic  and 
mett^nic  twins  belongs  rather  to  crj'stallogeny  than  crystallography.  Yet 
the  ninns  are  often  so  obviously  distinct  that  a  brief  notice  of  the  dis- 
tinction is  importaul. 

In  ordinary  twins,  the  comp(innd  strnctnrehad  its  beginning  in  a  nuclesl 
comiMtund  molecule,  or  was  compound  in  its  very  origin  ;  and  whatever 
inequalities  in  the  result,  these  are  only  irregularities  iu  the  development 
from  such  a  nucleus.  But  in  others,  the  crystal  was  at  lii-st  simple  ;  and 
afterwards,  through  some  change  in  itself  or  in  the  condition  of  the  mate- 
rial supplied  for  its  increase,  received  new  layei-s,  or  a  continuation,  in  a 
reversed  position:  This  mode  of  twimiing  is  metagenic,  or  a  result  subse- 
quent to  the  origin  of  the  crystal;  while  the  ordinary 
vaoAeis  varageiiic.     One  form  of  it  is  illustrated  in  208 

f.  268.  The  middle  portion  had  attained  a  length 
of  half  an  inch  or  more,  and  then  became  gcnicn- 
lated  simultaneonsly  at  eitlier  extremity.  These 
genieulations  are  often  repeated  in  rutife,  and  the 
ends  of  the  crystal  are  thus  bent  into  one  another,  and 
occasionally  produce  nearly  regular  prismatic  forms. 

This  metagenic  twinning  is  sometimes  presented 
by  the  successive  layers  of  dcjiosition  iu  a  ci-ystal, 
as  in  some  quartz  crystals,  esjtecially  amethyst,  tlie 
inseparable  layers,  exceedingly  thin,  bein^  of  oppo- 
site kinds.  So  calcite  crystals  are  sometimes  made 
up  of  twinned  layers,  which  are  due  to  an  oscillatory 
pnicesB  of  twinning  attanding  the  progress  of  the 
«;rystai.  In  a  similar  manner,  crystals  of  the  triclinic  feldspars,  albite, 
etc.,  are  often  made  up  of  tliin  plates  parallel  to  irl,  by  oscillatory  compo- 
sition, and  the  face  0,  accordingly,  is  finely  striated  parallel  to  the  edge 
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R':jif'itfl  twinning. — Tn  tlie  prece<lLii«  mragraph  one  ease  of  repeated 
twiiuiiti^'  lia«  tx.-eii  tneiitiuiied,  tliat  ui  the  feKU|>arii;  it  is  a  case  ol  jHiialltl 
rcijctiti'jri  or  iiarullcl  grouping  of  the  sitct-esj^ive  trj'atale.  Another  kind  is 
that  whi<tli  I---  illiistratefJ  bv  f.  295,  iJl'T,  311,  where  the  BuccesBivelv 
n:vr:rsi.-(]  indlvirliiak  arc  nut  parallel.  In  this  case  the  axes  mar,  however, 
lie  in  a  zone,  hh  tliv  prismatrc  twins  of  aragonite,  or  ther  inav  be  inclinc<l 
to  eairli  «xhi:r,  as  in  f.  31 1,  of  staumlite.  In  all  such  cases  where  the  repeti- 
tion of  tlie  twinning  tends  to  pnnjiiec  circntar  formii,  as  f.  2S1,  of  rutile,  the 
nninber  of  inillvidiials  is  e<pml  to  the  nmnlter  of  times  the  angle  l>etween 
tbf  two  axial  KVfteinE  is  contained  in  3(i0'.  For  example,  five-fold  twins 
<«;<;iir  in  tlii;  tetraliedroiiB  of  gold  and  splialerite,  since  5  x  70°  32'  (the  tetra- 
h<.i]ral  angle;  =  31"'=  (Hpproxj.  A  (^imiiouud  crystal,  when  there  are  three 
individuals,  is  chilled  a  TrlUut'j  (Drilling,  Germ.),  where  there  are  funr 
individiiaU.  a  Fwrling  (Vierling,  Germ.),  etc. 

Ounixiiind  i-rj-stals  in  which  twinning  exists  in  accordance  with  two  laws 
at  oMw  are  of  rare  iK-cnrrence ;  an  excellent  example  ie  afforded  br  stauni- 
liti:-,  f.  31:1.  They  have  also  been  observed  on  aJbite  (f.  333J,  orthoclase, 
ehalciN:ite,  and  in  other  less  distinct  cases. 


E.eamj>le8  of  different  metkcda  of  Twinning.* 

IsoMKTBir  SyfiTEM. — With  few  exceptions  the  twins  of  this  system  are  of 
one  kind,  the  twinning  axis  an  octahedral  axis,  and  the  twinning  plane 
eonaeqiieiiliy  an  ovtu/iedral  jdane ;  in  most  eases  also  the  latter  coincides 


with  the  composition-face.     Fig.  263  shows  this  kind  as  applied  to  the 
simidc  (H;taheilnin,  it  is  especially  <«jmmon  with  the  spiucl  group  of  min- 
;  siinihirly,  f.  261),  n  more  complex  form,  and  also,  f.  270,  a  dodeca- 


hedron twinned  ;  all  tliese  are  contact  twins.  Fig.  271  is  a  peuetratiou 
twin  following  the  name  law  ;  the  twimiina  being  repeated,  ana  the  form 
flattened  parallel  to  an  octahedral  face.     Fig.  2f>6,  p.  91,  shows  a  twin  of 

*  A  ciimplotn  ennninratioD  of  the  <liffeicnt  methtxla  ol  twinning  obserrad  tiiid«r  the  diOar* 
ant  syHtetnH,  with  detailed  clwroriptionH  and  many  figures,  will  be  found  in  Vol.  II.  of  B4M- 
Sodubtuk's  UcyiitBllDgTaph/  (AngewimdM  KrysUtUogrnphie,  284  pp.,  Dro,  Beriin,  1876). 
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flnorite,  two  intei-penetrating  cubee ;  f.  273  exbibits  a  dodccabedral  twin 
of  eodalite  occurring  in  iiKture  of  alinoel  ideal  symmetry,  and  f.  273  is  a 
tetrahedral  twin  of  Uie  species  tetraliedrite ;  the  same  law  is  true  for  all. 


Figs.  274,  275,  276,  are  twins  whose  axes  are  parallel ;  these  forms  are 
possible  only  with  hcmihedral  crystals.  The  twinning  axis  is  here  a  dode- 
ca/*edrai  axis  and  the  twinning  plane  a.  dodecahedral  plane.    The  same 


Pyiito. 


Uagnutite. 


method  of  composition  is  often  seen  in  dendritic  crystallizations  of  native 
gold  and  copper,  in  which  the  angle  of  divergence  of  the  branches  is  60° 
and  120°,  the  interfacial  angles  of  a  dodecahedi-on.  The  brownish-black 
mineral  in  the  mica  from  Pennsbury,  Pa.,  is  magnetite  in  this  form  (f.  277), 
as  first  observed  by  G.  J.  Brush. 

Tktraoomal  System. — The  most  common  method  is  that  where  the  twin- 
ning'plane  is  parallel  to  \-i.  It  is  especially  characteristic  of  rutile  and 
cassiterite.  This  is  illustrated  in  f.  264:  and  similarly  in  f.  278.  Fig.  268 
Bbows  a  similar  twin  of  rntile,  and  in  f.  281  to  283  the  twinning  according 
to  tills  law  is  repeated.  In  f.  28J  the  vertical  axes  of  the  successive  six 
individuals  lie  in  a  plane,  and  an  enclosed  circle  is  the  result ;  in  f .  282  the 
Baccesaive  vertical  axes  form  a  zig-zag  line ;  there  are  here  four  individuals, 
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add  four  more  behind,  the  last  (VIII)  miiting  with  the  first  (1),  and  let  it 
be  developed  vertically,  and  the  complex  form  produced  results  Id  the 
scaleiiohodroQ  twin  of  f.  283,     lu  chalcopyrite,  the  octahedron  1,  which  is 


very  near  a  regular  octahedron  in  angle,  may  be  the  twinning-plane,  and' 
forms  ai-e  thus  produced  very  similar  to  f.  263.  With  hemihedral  forms 
twiniiiug  may  take  place  as  shown  in  f.  380,  where  the  axis  of  revolution 


is  a  diagonal  axis,  and  the  plane  of  twinning  the  prism  /.  It  is  not  alwaya 
indicated  by  a  re-entering  angle,  bnt  is  Bonietimcs  only  sliowu  by  the 
obliijne  Btriations  in  two  directions  meeting  in  the  line  of  contact. 


Another  mode  of  twinning  is  that  cccun-ing  in  leucite,  observed  by  vom 
Kath,  who  showed  the  species  to  be  tetragonaL  The  twinning-plane  is  here 
2-1.    (Jahrb.  Min.,  1873, 113.) 
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Hkzaooital  Stbtxh, — In  the  holohedral  division  of  this  Bystem  twins  are 
rare.  An  example  ie  furnished  by  pyrrhotite,  f.  284,  where  the  twiuning- 
plane  is  the  pyramid  1,  the  vertical  axes  of  the  individual  crystals  being 
nearly  at  right  angles  to  each  other  (O  A  1  ==  135°  8'}.  Aiiotlier  example 
is  tridymite  *  (see  p.  266),  wbei-e  the  twiuniug-plane  ie  either  the  pyramid 
iorf. 


In  the  species  of  the  rhombohedi-al  division  twine  are  nnraeroue;  the 
ordinary  methods  are  the  following  the  twinning-plane  the  rhorabohe- 
dron  B,  f.  285  ;  the  rhombohedron  -  27^,  f  288 ;  the  rhombohedron  -^7^, 
f.  386.  The  last  mentioned  metliod  is  cotuinou  in  masses  of  cialcitc,  where  by 
its  frequent  repetition  it  gives  rise  to  thin  lamellse ;  tliese  are  observed 
oftenin ci^stallme  limestones. 


Calcite.  Pjmgfiite. 

The  twinning-plane  may  also  be  tlio  basal  plane,  the  axie  of  revohition 
conseqaently  me  vertical  axie.  This  ie  illiistrHted  in  f.  287,  a  complex 
penetration  twin  of  cliabazite,  also  f.  267  (liematitc),  and  in  f.  2St),  290. 
It  ie  also  common  with  quartz,  the  two  crystals  soinetiincs  distinct,  and 
joined  by  a  prismatic  plane,  eumetimee  interpenetrating  each  other  very 
irregularly,  as  ehown  in  f.  265. 


*  O.  Tom  Bath,  Vogg.  Ann., 
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Obthobhombic  St8TEH. — In  the  orthorhombic  sjetem  twins  are  exceed- 
ingly common,  and  the  variety  of  methods  is  very  gi-eat.  These  may,  how- 
ever, be  brought  into  two  groiij^,  accordinj'  as  the  twinning-plane  is  (1)  a 
prismatic  plane,  vertical  or  horizontal,  or  (2)  an  octahedral  plane.  The 
twinning  la  very  often  repeated,  and  always  in  accordance  with  the  law 
already  stated,  that  the  number  of  individuals  is  determined  by  tlie  number 
of  tiinee  tliat  the  angle  of  the  two  axial  syBtcms  ia  contained  in  360' 
(o)  Twinning  parallel  to  a  prism  whose  angle  is  approximately  120°, 
1.  Prism,  vertical. — The  prmcipal  examples  are  aragonite,  I  h  I  ^  116° 
10';  cemsaite,  7  A  /  =  117"  13' ;  witherite,  lA  I  =  118°  30';  bromlite, 
/  A  7  =  118°  60' ;  chalcocite,  I  h  I  =  119°  35' ;  atephanite,  I /\  I  =  US'* 
39';  dyscrasita,  /a7=119°59'.  Figs.  291,  293,  represent  twins  of  ara- 
gonite in  accordance  with  this  Ian-.  Figs.  293,  294,  show  crose-sections  of 
the  two  prisms  of  the  preceding  figures,  in  tlie  latter  the  form  ia  hexagonal, 
though  not  regularly  so.     Fig.  295  is  a  cruciform  twin  of  the  same  species. 


/f^M 


horizontal;   that  is,  a  macrodome. — Examples:  arBeuopyrite, 
1-i  A  14  =  120°  46' ;  leadhillite,  1-t  A  1-i  =  119°  20' ; 

brachydon 
!2°50'^(f.  2 


humite,  t^pe  L 

"    I'rv8m  horizontal ; 


that   is,  a 

Examples  :  manganite,  l-I  A  1-i  =  li_    .       , , 

chrvaoberyl,  3  i  A  3-1  (f.  300)  =120°  13' ;  eolnmbite, 
2-1X2-1=  117°  20'. 

In  all  these  cases  there  is  a  strong  tendency  toward 
repetition  of  tlie  twinning,  by  wliich  forms  often  stel- 
late, sometimes  apparently  hexagonal,  result.  These 
forms  are  illustrated  in  the  following  figures  :  f.  297 
is  of  witherite;  f.  298  a  crystal  of  reaoLillite,  in  its 
twinned  form  of  very  i-hombohedral  aspect  Figs. 
299  and  300  ai-e  both  chrysoberyl,  where  8-{  is  uie 
twiuniug-plane ;  six-rayed  twins  are  very  common  in 
this  species. 
The  genesis  of  these  forms  is  further  illustrated  by  the  following  croea- 


Manfcsnite. 
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flections.     Fig.  301  ebowe  a  erosa-Bection  of  a  ccniseite  twin,  and  f .  302  one 
of  the  cryetalof  leadhillite  figured  above  (f.  298). 


CbijBobeijl. 


ChiyBober^I. 


In  f.  303,  three  rhombic  prisms,  /,  of  aragonite,  are  combined  abont  their 
acnte  angles,  the  dotted  lines  showing  the  outlines  of  the  prisms,  and  the 
croBS  lining  the  direetion  of  the  brauhydiagonal ;  and  in  f.  304,  four  are 
Bimilarly  nnited.     In  f.  305,  three  similar  prisms,  /,  are  combined  about  the 


obtnse  ftngle.  This  twin  combination  may  take  the  form  of  a  hexagonal 
prism,  with  or  withont  re-entering  angles ;  of  a  three-rayed  twin,  like  f. 
801,  and  if  a  pcuetration-twin,  of  a  composite  pristn,  like  f .  306  (the  iniin- 
bering  of  the  parts  showing  the  relation),  or  a  six-rayed  twin.  In  all  these 
eaaes  the  stellate  form  depends  on  the  extension  of  the  individuals  beyond 
tiio  nonnal  limits. 

(b)  Priaraatie  angle  approximately  that  of  the  regular  octahedron,  lOft" 
88 .    Ad  example  is  fnmished  by  the  species  staurolite  (f.  307),  where  the 
7 
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twiiining-plane  is  i-^,  and  tlie  corresponding  prismatic  angle  is  109"  14* 
(over  i-i,  or  70°  W  over  j'-i). 
Another  example  iB  furiiislied 
by  inarcasite,  whose  priematie 
aiifile  iB  106°  i>'.  The  twins 
are  generally  compound,  the 
re()etition  with  the  twinning- 
l>lftiie  sometimeB  parallel, 
Bouictimes  oljliqne,  Bee  p.  225. 
In  f.  308  the  eomponnd  crv&- 
tal  wmsiats  of  five  mdividiialB, 
,.,„.,^,^  Bin(!e  five  times  73°  55'  is  ap- 
proximately equal  to  300°, 
(c)  Prismatic  angle  approximately  90°,  Examples  aie  funiished  by 
bnurnonite,  /  A  /=  91"  l:i',  see  p.  232,  and  staurolite.  In  the  latter  ease 
the  twiiining-plnTie  is  a  brachydome,  ^-i,  and  the  angle  is  91°  18' ;  the  form 
is  slinwn  in  f.  309,  it  being  that  of  a  nearly  rectangular  cross.  See  also 
pliillipsite,  p.  3^3. 

2.  Tlie  twinning-planc  may  be  also  an  octahedral  plane.  An  excellent 
example  is  furnished  by  staurolite,  where  the  twinnhigplane  isj-i  (f.  310). 
The  cryetals  cn«8  at  angles  of  nearly  120°  and  60°,  hence  the  form  inf. 
311,  consisting  of  three  individuals  (trilling)  forming  a  six-rayed  star.  In 
f.  312  both  this  method  of  twinning  and  that  mentioned  above  are  com- 


bined. There  are  thns  for  the  species  stanrolite  three  methods  of  twin- 
ning, pai-allcl  to  i-|.  to  J-J,  aTid  to  J-'.  If  the  occnrring  prism  is  made  i-}, 
then  tlie  three  twinning- planes  become  /,  1-f,  1,  vt  fundamental  planes,  «• 
is  usually  true. 

MoNoci,iNic  SYSTEM, — Tlic  following  examples  CfHuprlae  the  more  com- 
monly occurring  methods  of  twinning  in  this  system. 

(a)  The  twinning-plane  is  the  orthopinacoid  (i-i).  This  is  trne  in  the 
case  of  the  common  twins  of  orthoclaee  (f.  318),  called  the  GoHabad  iwwii. 
The  axis  of  revolution  is  ntirmal  to  i-i  (see  also  p.  90),  while  the  two 
crystals  are  united  by  the  clinopinacoid,  which  is  consequently  the  compo- 
sition-face. 'These  twins  may  be  either  right-  or  left-nanded  (f,  818  a 
f.  319),  according  as  the  i-iglit  or  left  half  of  the  simple  form  (f.  317)  im 
been  revolved. 
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Fig.  313,  of  pyroxene,  is  another  familiar  example ;  bo  also  f.  314,  of  which 
f.  316  ie  the  simple  form.  Fig.  320  ie  a  twin  of  scolecite,  where  tlie  twin 
■tructnre  in  ahown  hy  the  striations  on  the  clinopinacoid. 


^Jroxon^ 


Amphibole. 


'"\    f^p:::^:^ 


Orthoolase. 


^ffl 


A  form  of  pfenetration-twin,  with  i-i  the  twinning-plane,  ia  shown  in 
f.  821  (fmra  von  Lang).     The  mode  of  combi- 
nation and  cross-penetration  of  the  two  cryptala  391 
1,  2,  is  illustrated  in  f.  323 ;  it  is  a  medial  section 
of  f.  321  from  front  to  back. 

(6)  The  twinniug-plane  may  also  be  the 
basal  plane.  This  is  coimnon  with  orthoclaiie 
(f.  324);  alao  with  gypBum  {f.  323).  It  has 
also  been  observed  by  the  anthor  in  chondro- 
dite,  type  11  and  III,  from  Brewster,  N.  Y.,  see 
|>.  305. 

(c)  Fi^.  325,  326,  327  show  another  method 
of  twinning  of  orthoclase  parallel  to  the  clino- 
dome,  24.  These  twins  are  peculiar  in  that 
they  form  nearly  rectangnlar  prisms,  since 
Oa  2-t  =  135°  3i'.  They  are  common  among  the  orthoclase  crystals  from 
iJaveno,  and  hence  are  called  Baveno  twin*.  This  method  of  twiiiiiing  is 
alfio  common  with  the  atnazon-stoiie  of  Pike's  Peak. 

The  union  of  four  crystals  of  this  kind  prodimes  the  form  represented  in 
f.  325;  and  the  same,  by  penetration,  develops  the  penetration-twin  of 
f.  827  (from  v.  Rath),  which  apparently  consists  of  four  pairs  of  twins,  bnt 
may  be  regarded  as  made  by  the  crciss-penetratiun  of  the  crystals  of  two 
pairs,  or  of  tho  four  of  f.  325. 

Forms  like  f.  325  may  have  one  of  the  fonr  parts  iindevelojicd  and  so 
consist  of  three  united  crystals,  and  also  the  other  parts,  as  in  siicli  com- 
poand  twins  generally,  may  be  very  unequal. 

Twins  correBpondinw  to  those  of  the  orthorh<)mbic  system,  where  the 
twinning-plane  is  a  pnsm  whose  angle  ie  nearly  120°,  have  been  observed 
by  TomRath  in  humite,  types  II  and  III. 

TraoLnnc  btstbil— In  the  twins  of  the  triclinic  system,  the  three  axes 
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may  be  axes  of  reToIiition,  in  which  case  the  twinning-planee  are  not  occnr- 
ring  eryBtallographio  plaiiea ;  or,  the  pinacoid  planee  may  be  the  platiee  of 
twinning  and  the  nonnals  to  them  the  axes  of  revolution.  Some  of  the 
cases  are  illustrated  in  the  foUowine  figures  of  albite.  In  f.  329  the 
brachy  pinacoid  (i-f)  is  the  twiniiing-plaiie ;  f.  32S  is  the  same,  but  it  is  a 
pciietratiou-twiii;  tliis  is  the  most  common  method  of  twinniug  witb  thia 
species. 


In  f,  332  the  vertical  axis  is  the  twiniiing-axis.  Fig.  333  (from  Q.  Bose) 
is  a  (hmhle  twin,  the  two  halves  of  which  are  like  f.  328,  but  they  are 
twinned  together  like  f.  332.     It  happens  in  albite  that  the  plaoe  angles 


on  i-f,  made  by  the  edges  /"A  0  and  /a  1  differ  but  37'  (the  former  bant 
116°  26',  the  latter  115°  55'),  and  hence  it  is  that  in  the  twin  O  ukd  1 W 
nearly  into  one  plane. 
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Gompofiition  parallel  to  O,  where  the  revolution  is  on  a  horizontal  axis 
normal  to  the  shorter  diagonal  of  O^  is  ex- 
emplified in  f.  334  (from  6.  Bose).  Both 
right-  and  left-handed  twins  of  this  kind 
occur;  also  doable  twins  in  which  this 
method  is  ccnnhined  with  twinning  (like 
that  in  f.  329,  330),  parallel  to  il. 

A  thorough  discussion  of  the  method  of 
twinning  in  the  triclinic  system  has  been 
given  by  Schrauf  in  his  monograph  of  the 
Bpecies  brochantite  (Ber.  Ak.,  Wien,  Ixvii.,  275, 1873). 


An>ite. 


Regular  Grouping  of  Crystals. 

Connected  with  the  subject  of  twin  crystals  is  that  of  the  parallel  posi- 
tion of  associated  crystals  of  the  same  species,  or  of  diflferent  species. 
Crystals  of  the  same  species  occurring  together  are  very  commonly 
in  parallel  position.  In  this  way  large  crystals  are  sometimes  built  up  of 
smaller  individuals  grouped  together  with  C(>rresix)nding  planes  parallel. 
This  parallel  grouping  is  often  seen  in  crystals  as  they  He  on  the  support- 
ing rock.  On  glanciug  the  eye  over  a  surface  covered  with  crystals,  a 
reflection  from  one  face  will  often  be  accompanied  with  reflections  from  the 
corresponding  face  in  each  of  the  other  crystals,  showing  that  the  crystals 
are  throughout  similar  in  their  positions. 

Ciystals  of  different  species  often  sliow  the  same  tendency  to  parallelism 
in  mutual  position.  This  is  true  most  frequently  of  species  wliich,  from 
similarity  or  form  and  composition,  are  said  to  be  isomorphous  (see  p.  177). 
Crj'stals  of  albite,  implanted  on  a  surface  of  orthoclase,  are  sometimes  an 
example  of  this;  crystals  of  hornblende  and  pyroxene,  and  of  various  kinds 
of  mica  are  also  at  times  observed  associated  in  parallel  position. 

The  same  relation  of  position  also  occasionally  occurs  where  there  is  no 
connection  in  composition,  as  the  crystals  of  rutile  on  tabular  crystals  of 
hematite,  the  vertical  axes  of  the  former  coinciding  with  the  lateral  axes 
of  the  latter.     Breithaupt  has  figured  crystals  of  calcite,  whose  rhombo- 
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bedral  faces  f  —  \TS)  had  a  series  of  quartz  crystals  upon  them,  all  in 
parallel  position  (f.  835) ;  and  Frenzel  and  vom  Rath  have  described  the 
lame  association  where  three  such  quartz  crystals,  one  on  each  rhombo- 
bedral  face,  entirely  enveloped  the  calcite,  and  uniting  with  re-entering 
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angles  formed  pBeiido-twins  (ratlier  trilliDgs)  of  quartz  after  calcite.  The 
author  has  described  a  Biniilar  occurrence  from  '•  Speciineu  Mountain,"  in 
the  TclluwBtone  Park ;  the  form  is  shown  in  f.  330.  (Am.  J.  Sci.,  III., 
xii.,  1S7C.) 

IRREGUI.ARITEBS  OF  CRYSTAIA 

T]ie  laws  of  crvatallizatioTi,  when  unmodified  by  extrinsic  causes,  should 
[u-otlnue  forma  of  exact  symmetry;  the  angles  being  not  only  equal,  but 
also  the  homologouH  faces  of  crystals  and  tne  dinien&ious  ia  the  directions 
of  like  axes.  This  symmetry  is,  ht)wever,  so  uncommon,  that  it  can 
hardly  be  (y)nsidei-ed  oilier  than  an  ideal  perfection.  Crystals  are  verj- 
generally  distorted,  and  often  the  fundamental  forms  are  6o  completely  di&- 
giiiecd,  that  an  intimate  fHiniliarity  with  the  [XHisible  irregularities  is  re- 
quired ill  order  to  unravel  their  complexities.  Even  the  angles  may 
occasionally  vaiy  rather  widely. 

The  irregularities  of  crystals  may  be  treated  of  under  several  heads:  1, 
Liiperfecdons  of  surface ;  2,  Variations  of  form  and  dhnenaions;  3, 
Variatioru  of  angUe  ;  4,  Ititcrnal  i?/i^rfectioiia  and  i/n^ritiea. 

I.   luPEEFIXjriONB   IN  THE    SuKFAOES  OF   CBrSTALS, 

1.  Striationa  or  anqul^r  eJevationa  arising  from  oscillatory  eomhina- 
tions. — The  parallel  Sines  or  fui-rows  on  the  surfaces  of  crjBtals  are  called 
iftrice,  and  such  surfaces  are  said  to  be  striated^ 

Each  little  ridge  on  a  Bti-iated  surface  is  enclosed  by  two  narrow  planes 
more  or  less  regular.  Tliese  planes  often  correspond  in  position  to  differ- 
ent planes  uf  me  crystal,  and  we  may  suppose  these  ridges  to  have  been 
formed  by  a  continued  oscillation  in  the  operation  of  the  causes  that  give 
rise,  when  acting  uninterruptedly,  to  enlarged  planer.  By  this  means,  the 
sni'faces  of  a  crystal  arc  marked  in  parallel  lines,  with  a  successioD  of  nar^ 
row  planes  meeting  at  an  angle  and  constituting  the  ridges  referred  ta 

This  combination  of  different  pTaiies  in  the  forma- 

3-)7  tioii  of  a  surface  has  been  termed  oscillatory  com- 

liiuifion.     The  horizontal  stria)  on  prismatic  crystals 

of    <iiiartz    aie    examples  of    this  combination,  iu 

which  the  oscillation  has  taken  place  between  the 

JirtBtnatic  and  pyramidal  planes.  As  the  crystals 
mtgthened,  there  was  apparently  a  continual  effort 
to  assume  the  toriiiinal  pyramidal  planes,  which  effort 
was  interruptedly  overcome  by  a  strong  tendency  to 
an  increase  hi  the  length  of  the  prism.  In  tluB 
manner,  crystals  of  quarts  arc  often  tapered  to  a 
point,  without  the  usual  pyramidal  terminations. 
Magnetite.  Other  examples  are  the  stiiation  on  the  cubic  facee 

of  pyrite  parallel  with  tlie  intersections  of  the  cube 
with  the  planes  of  the  pyritobedron ;  also  tlio  striatioiis  on  magnetite 
(f.  337)  due  to  the  oecilfation  between  the  octahedron  and  dodecaoedroD. 
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Prifiinsof  tourmaline  are  very  coDiinonly  bounded  vertically  "bv  three  convex 
surfaces,  owing  to  an  oscillatory  combination  of  the  planes  /and  **-2. 

Faces  of  crystals  are  often  marked  with  angular  elevations  more  or  less 
distinct,  due  sometimes  also  to  oscillatory  combination.  Octahedrons  of 
fluorite  are  common  whic^h  have  for  each  face  a  surface  of  minute  cubes, 
proceeding  from  an  oscillation  between  the  cube  and  octahedron.  This  is 
a  common  cause  of  drusy  surfaces  with  the  crj'stals  of  many  minemls. 

2.  iStriatioiisfroin  oticiUatory  compos  it  ion, — The  striations  of  the  plane 
O  of  albite  and  other  triclinit;  feldspars,  and  of  the  rhombohedral  surfaces 
some  calcite,  have  been  attributed,  on  p.  91,  to  oscillatory  twinning. 

3.  Markings  from  erosion  and  othtr  causes, — It  is  not  uncommon  that 
the  faces  of  crystals  are  uneven,  or  have  the  crystalline  structure  developed 
as  a  consequence  of  etching  by  some  chemical  agent.  Cubes  of  galenite 
are  often  tims  uneven,  and  crystals  of  lead  sulphate  or  lead  carbonate  are 
soineiimes  present  as  evidence  with  regard  to  the  cause.  (Crystals  of  numer- 
ous other  species,  even  of  corundum,  spinel,  quartz,  etc.,  sometimes  show  the 
Bame  result  of  partial  chanj^e  over  the  surface — often  the  incipient  stage  in 
a  process  tending  to  a  final  removal  of  the  whole  crystal.  Interesting  in- 
vestigations liave  been  made  by  various  authc^rs  on  the  action  of  solvents  on 
different  minerals,  the  actual  structure  of  the  crystals  being  developed  in 
this  way.     These  are  referred  to  again  in  another  place  (p.  IIS). 

The  markin«ip^  on  the  surfaces  of  crvstals  are  not,  howevcj*,  alwavs  to  be 
ascribed  to  etching.  In  most  cases  etchings,  as  well  as  the  minute  angular 
elevations  upon  the  planes,  are  a  part  of  the  original  molecular  growtli  of 
the  crystal,  and  often  serve  to  show  the  successive  stages  in  its  history. 
Tliey  are  the  imperfections  arising  from  an  interrupted  or  disturbed  de- 
velopment of  the  form,  the  perfectly  smooth  and  even  crystalline  faces 
bein^  the  result  of  completed  action  free  from  disturbing  causes.  Ex- 
amples of  the  marking  referred  t(^  occur  on  the  crystals  of  most  minerals, 
and  conspicuously  so  on  the  pyramidal  planes  of  quartz. 

The  development  of  this  subject  belongs  rather  to  crystaJlogeny  ;  refer- 
ence may,  however,  be  made  here  to  the  memoirs  of  Scharff,  i)earing  on 
tlJis  subject,  especially  one  entitled  "  Ueber  den  Quarz,  II.,  dei  IJeber- 
eaiigsflachen,"  Frankfort,  1874;  also  to  the  Crystallography  of  Sadebeck 
^or  title  see  Introduction). 

It  follows  from  the  symmetry  of  crystallization  that  like  planes  should 
be  physically  alike,  that  is  in  regard  to  their  surface  character ;  it  thus 
often  hap].>ens  that  on  all  the  crystals  of  a  species  from  a  given  locality,  or 
perhaps  rrom  all  localities,  the  same  planes  are  etched  or  roughened  alike. 
jS'or  e.\ample,  on  crystals  of  datx:)lite  from  Bergen  Hill,  the  plane  —  2-i 
is  almost  uniformly  destitute  of  lustre ;  there  is  much  uniformity  on  the 
crystals  of  quartz  in  this  respect. 

4.  Curved  surfaces  may  result  from  (a)  oscillatory  combination  ;  or  (h) 
some  independent  molecular  condition  producing  curvatures  in  the  lamina) 
of  the  crystal;  or  {e)  from  a  mechanical  cause. 

Curved  surfaces  of  the  first  kind  have  been  already  mentioned,  p.  102. 
A  singular  curvature  of  this  nature  is  seen  in  f .  339,  of  calcite  ;  and  another 
iu  the  same  mineral  in  the  lower  part  of  f.  338,  in  which  tra(jes  of  a  scaleno- 
hedral  form  are  apparent  which  was  in  oscillatory  combination  with  the 
prismatic  form. 
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Ourvrtores  of  the  .«oW  Knd  "r')?^!;™  »"  *»  fwes  oonrex.  Thi, 
is  the  ewe  in  orytak  of  ■i'""""'^  («■.?«')•,,•<''?<>  of  which  are  «l„o,t 
.pheres.  The  mode  of  carrature,  in  which  all  the  facea  are  eqnallv  oon- 
vox,  is  less  common  than  that  m  »hich_a  convM  anrfoce  is  opposite  and 
parallel  to  a  corre.pondmg  concave  sorface.  Khombohedrons  oTsiderito 
(sec  p.  381)  are  nsually  thus  curved,  ihe  leathery  curve,  of  fr<»t  c-  ■•■■- 
dows  and  the  flagging  stone,  of  pavementt  in  winter  are  olhe 
curves  of  the  second  kind.  The  alabaster  rosettes  from  tl 
Cave,  Ky.,  are  siaiilar. 


.  .J  — ■  -co  ui  tr\»t  on  win- 
avemenW  m  wnitor  are  other  examples  of 
3  aiabafiter  rosettes  from  tbe   Mammoth 


A  third  kind  of  cnrvatare  is  of  mechanical  orMin.  In  manv  species 
cryBtalB  appear  as  if  thejr  had  been  broken 
transversely  into  many  pieeea,  a  slight  dis- 
plftcenient  of  which  has  given  a  carved  form 
to  the  prism.  This  is  common  in  tourmaline 
and  beryl.  The  berj-ls  of  Monroe,  Conn., 
often  present  these  mterrnpted  corvattires, 
"^-XA  _VN^^^^W     ^  represented  in  f.  84-1. 


Beryl,  Uooroe,  Conn. 


Crystals   not  iinfrequeutly  occnr   with   a 

^<>t^ii     nvi-amtHal     ^iiT^iHUDiAn     rwt«.ii*x..2»_     «.!.  _ 


deep    pyi'amidal   depression  occupying   Uie 
place  of  each  plane,  as  is  often  observed  in  common  salt,  alum,  and  sulphur. 


piacu  Ol  eauu  pittm;,  an  m  uilcii  uuochcu  lu 

This  is  due  in  part  to  their  rapid  growth. 


II.  Variations  in  the  Forms  amd  Biuziibioiib  of  Ortbtalb. 

The  simplest  modification  of  form  in  crystals  consists  in  a  simple  varia- 
tion in  length  or  breadth,  without  a  disparity  in  similar  secondary  planes. 
Tlie  distortion,  however,  extends  very  generally  to  the  secondary  planes, 
especially  when  the  elongation  of  a  crystal  takes  place  in  the  direction  of  a 
diagonal,  instead  of  the  crystallographic  axes.  In  many  inatancee,  one  «■ 
more  planes  are  obliterated  hj  the  enlargement  of  others,  proving  a  aouKe 
of  much  perplexity  to  the  student.  The  interfacial  angles  remain  cunatant, 
unaffected  by  these  variations  in  form.  These  changes  in  form  often  give 
rise  to  what  is  called  by  Sadobeck  paeudo-nifmmetry  /  the  distorted  forms 
of  one  system  appearing  similar  to  me  normal  forms  of  another.  (Compue 
tlie  descriptions  of  the  following  figures.)     As  mostof  the  difficulties  in  the 
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Btudy  of  crystals  arises  from  these  distortions,  this  subject  is  one  of  great 
importance. 

Fige.  342  to  353  represent  examples  from  tlie  isometric  system. 

A  cube  lengthened  or  shortened  aloTi^  one  axis  bet^oines  a  right  square 

{>rism,  and  if  varied  in  the  direction  of  two  axes  is  changed  to  a  rectaugn- 
ar  prism.  Cnbes  of  pyrite,  galenite,  fluorite,  etc.,  are  generally  thus  dis- 
torted. It  is  very  uimsual  to  find  a  cubic  crystal  tliat  is  a  true  syranietrical 
fMtbe.  In  some  species  the  cube  or  octahodron  (or  uther  isometric  form)  is 
lengthened  into  a  capillary  crj  stal  or  needle,  as  happens  In  cuprite  and 
pynte. 

An  octahedron  ^attetied  parallel  to  a  face,  nr  in  the  direction  of  a  trigonal 
intemxis,  is  reduced  to  a  tabular  crystal  (f.  342).  If  lengthened  in  the 
same  direction,  it  takes  the  form  in  f.  343  ;  or  if  still  farther  lengthened 
to  the  obliteration  of  A',  it  becomes  an  acute  rhombohedrou  (same  figure). 


When  an  octahedron  is  extended  in  the  direction  of  a  lino  between  two 
oppofiito  edges,  or  that  of  a  rhombic  interaxis,  it  has  the  genci-al  form  of 
a  rectangnlar  octahedron ;  and  still  farther  extended,  as  in  f.  344,  it  is 
changed  to  a  rhombic  prism  with  dihedml  snniinits  (spinel,  fluorite,  magne- 
tite).    The  fienre  represents  this  prism  lying  on  its  acute  edge. 

The  dodecahedron  lengthened  in  the  direction  of  a  diagonal  between  the 


obtuse  solid  angles,  that  is,  that  of  a  trigonal  interaxis,  becomes  a  six- 
sided  prism  with  three-sided  summits,  as  in  f.  345  ;  and  shortened  in  tlie 
same  direction  is  a  short  prism  of  the  same  kind  (f,  346).  Both  resemble 
rhombohedral  forma  and  arc  comraou  in  garnet  and  zinc  blende.  When 
lengthened  in  the  direction  of  one  of  the  cubic  axes,  it  becomes  a  square 
■priBra  with  pyramidal  summits  (f.  347),  and  shortened  along  the  same  axis 
It  is  redooed  to  s  square  octahedron,  with  truncated  basal  angles  (1  34S). 
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The  trapezohedron  is  still  more  di^uised  by  its  distortions.  Wlien  elon- 
gated in  tue  line  of  a  trigonal  interaxis,  it  assumes  tlie  form  iu  f.  349  ;  and 
still  farther  lengthened,  to  the  obliteration  of  some  of  the  planes,  become* 
a  scalene  dode^edroii  (f.  350),  This  has  been  observea  in  flnor  spar. 
Only  twelve  planes  are  here  present  out  of  the  twenty-four.  Threads  of 
native  gold  from  Oregon,  are  strings  of  crystals  presenting  the  fonn  of  this 
very  acute  rhouibohedron,  with  the  otiier  planes  of  tlie  trapezoliedron  2-3 
(the  scaleuohedral  and  the  terminal  obtuse  rhombohedral)  qaite  small  at 
the  extremities. 

If  the  elongation  of  the  trapezohedron  takes  place  along  a  cnbic  axis,  it 
becomes  a  double  eight-sided  pyramid  with  fnur-sided  suniuiits  (f.  351) ;  or 
if  these  summit  planes  are  obliterated  by  a  farther  extension,  it  becomes  a 
complete  eight-sided  double  pyramid  (f.  3ui). 


A  Bealeno-dodecaiedron  of  calcito  ia  sliown  distorted  in  f.  353,  which  ap- 
pears, however,  to  be  an  eight-sided  prism,  bounded  laterally  by  the  planes 
Ji,  1*,  1*,  and  li,  and  their  opposites,  and  terminated  by  the  remaining  planes. 
The  following  figures  of  quartz  (f,  354,  355)  represent  distorted  forms  of 
this  mineral,  in   which  some  of  the  pyramidal  faces  by  enlargement  dis- 

Elflce  the  prismatic  faces,  and  nearly  obliterate  some  of  tlie  other  pyramidal 
ices ;  see  also  f .  336. 


Fig.  356  is  a  distorted  crystal  of  apatite  ;  the  same  is  shown  in  f.  357 
with  the  normal  symmetry.  The  planes  between  O  and  the  right  /  are 
enlarged,  while  the  uorrespoudiBg  planes  below  are  in  part  obliterated. 
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By  observing  that  similar  planes  are  lettered  alike,  the  correspondence  of 
the  two  figures  will  be  understood. 

In  deciphering  the  distorted  crystalline  forms  it  must  be  remembered 
tliat  while  the  appearance  of  tlie  crystals  may  be  entirely  altered,  the  angles 
remain  the  same ;  moreover,  like  planes  are  physically  alike,  that  is,  alike 
in  degree  of  lustre,  in  striations,  and  so  on. 


856 


857 


Apatite. 


Apatite. 


In  addition  to  the  variations  in  form  which  have  just  been  described,  still 
greater  irregularities  are  due  to  the  fact  that,  in  almost  all  cases,  crystals  in 
nature  are  attached  either  to  other  crystals  or  to  some  rock  surft^ce,  and  in 
consequence  of  this  are  only  partially  developed.  Thus  quartz  crystals  are 
generally  attached  by  an  extremity  of  the  prism,  and  hence  have  only  one 
Bet  of  pyramidal  planes ;  perfectly  formed  crystals,  as  those  from  Herkimer 
Co.,  N.  Y.,  having  the  double  pyramid  complete,  are  rare.  The  same 
statement  may  be  made  for  nearly  all  species. 


III.  Vabiations  in  the  Angles  of  Cbystals. 


The  greater  part  of  the  distortions  described  occasion  no  change  in  the 
interfacial  angles  of  crystals.  But  those  imperfections  that  produce  con- 
vex, curved,  or  striated  faces,  necessarily  cause  such  variations.  Further- 
more, circumstances  of  heat  or  pressure  under  which  the  crystals  were 
formed  may  sometiujes  cause  not  only  distortion  in  form,  but  also  some 
variation  in  angle.  The  presencie  of  impurities  at  the  time  of  crystallization 
may  also  have  a  like  effect. 

Still  more  important  is  the  change  in  the  angles  of  completed  crystals 
which  is  caused  by  subsequent  pressure  on  the  matrix  in  which  they  were 
formed,  as,  for  example,  the  change  which  may  take  place  during  the  more 
or  less  complete  metamorphism  of  the  enclosing  rock. 

The  change  of  composition  resulting  in  pseudomorphous  crystals  (see 
p.  113)  is  generally  accompanied  by  an  irregular  change  of  angle,  so  that 
the  peeudomorphs  of  a  species  vary  much  in  angle. 

In  general  it  is  safe  to  affirm  that,  with  the  exception  of  the  irregularities 
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arising  from  imperfections  in  tlie  process  of  crystallization,  or  from 
changes  produced  subsequently,  variations  in  the  angles  are  rare,  and  the 
constancy  of  angle  alluded  to  on  p.  87  is  the  universal  law.* 

In  cases  where  a  greater  or  less  variation  in  angle  has  been  observed  in 
the  crystals  of  the  same  species  from  different  localities,  the  cause  for  this 
can  usually  be  found  in  a  difference  of  chemical  composition.  In  the  case 
of  isomorphous  compounds  it  is  well  known  that  an  exchange  of  coiTespond- 
ing  chemically  equivalent  elements  may  take  place  without  a  change  of 
form,  though  usually  accompanied  with  a  slight  variation  in  the  funda- 
mental angles. 

The  effect  of  heat  upon  the  form  of  crystals  is  alluded  to  upon  p.  164. 


IV.  Internal  Imperfections  and  iMPURiriES. 

The  transparency  of  crystals  is  often  destroyed  by  disturbed  crystalliza- 
tion, or  by  impurities  taken  up  from  the  solution  during  the  process  of 
crystallization.  These  impurities  may  be  simply  coloring  ingredients,  or  they 
may  be  inclosed  particles,  fluid  or  solid,  visible  to  tlie  eye  or  under  the 
microscope.  The  coloring  ingredients  may  vary  in  the  course  of  formation 
of  the  crystals,  and  thus  layers  of  different  colors  result ;  the  tourmaline 
crystals  of  Chesterfield,  Mass.,  have  a  red  centre  and  blue  exterior ;  others 
from  Elba  are  sometimes  light-green  below  and  black  at  the  extremity ; 
many  otlier  examples  might  be  given. 

The  subject  of  the  fluid  and  solid  inclosures  in  crystals  is  one  to  which 
much  attention  has  been  directed  of  late  years.  Attention  was  early  called 
to  its  importance  by  Brewster,  who  described  the  presence  of  fluids  in 
quartz,  topaz,  beryl,  chrysolite,  and  other  minerals,  in  later  years  the  mat- 
ter has  been  more  thoroughly  studied  by  Sorby,  Zirkel,  Vogelsang,  Fischer, 
Kosenbusch,  and  many  others.     (See  Literature,  p.  111.) 

Many  crystals  contain  empty  cavities ;  in  others  the  cavities  are  filled 
sometimes  with  water,  or  with  the  salt  solution  in  which  the  crystal  was 
formed,  and  not  infrequently,  especially  in  the  case  of  quartz,  with  liquid 
carbonic  acid,  as  first  proved  by  Vogelsang,  and  recently  followed  out  by 
Hartley.  These  liquid  inclosures  are  marked  as  such,  in  many  cases,  by 
the  presence  in  tlie  cavity  of  a  movable  bubble. 

The  solid  inclosures  are  almost  infinite  in  their  variety.  Sometimes  they 
are  large  and  distinct,  and  can  be  referred  to  known  mineral  species,  as  the 
scales  of  hematite  to  which  the  peculiar  character  of  aventurine  feldspar  is 
due.  Magnetite  is  a  very  common  impurity  for  many  minerals,  appearing, 
for  example,  in  the  Pennsbury  mica;  quartis  is  also  often  mechanically 
mixed,  as  in  stanrolite  and  gmclinite.  On  the  other  hand,  quartz  crystals 
veiy  commonly  inclose  foreign  material,  such  as  chlorite,  tourmaline,  rutile, 
hematite,  asbestos,  and  many  other  minerals. 


*  Reference  munt  be  made  here  to  the  disoassion  by  Scaoohi  of  the  principle  of  ^*  Polyqrm* 
metry."  (Atti  Accad.  Napoli,  i.,  1864.)  See  also  Uimdiwald^  Znr  Kritik  des  Leadt^steiiiB, 
Twh.  Min.  Mittb.,  1875,  ;2d7. 
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The  incloenres  maj  also  consist  of  a  lietcn^iieoiis  mass  of  material ;  as 
the  grauitic  matter  seen  in  orthoclaEe  crystals  in  a  porphyritio  granite  ;  or 
the   feldepar,   qnartz,  etc.,  sometimes   inclosed   in 
large  coarse  crystals  of  beryl,  occurring  in  granite  859 

veins. 

Ad  interoBting  example  of  the  incloeure  of  one 
mineral  by  another  is  afforded  by  the  annexed 
tigares  of  tonrnialine,  enveloping  orthoclase  ^E.  hi. 
Williamfl,  Am.  J.  Sci..  III.,  xi.,  273, 1876).  Fig. 
358  showB  the  crystal  of  t4>urmaHne  ;  and  cross-sec- 
tions of  it  at  the  points  indicated  {a,  f/,  c)  are  given 
by  f.  359,  360,  3fll.  The  latter  show  that  the  feld- 
spar increases  in  amount  in  the  lower  part  of  the 
crystal,  the  tonrinaline  being  merely  a  thin  shell. 
Similar  specimens  from  the  same  locality  (Fort 
Henry,  Essex  Co.,  N.  Y.)  show  that  there  is  no  ne- 
cessary connection  between  the  position  of  tlie  tour- 
maline and  that  of  the  feldenar. 

Similar  ticciirrences  are  tiiose  of  trapezohedrons 
of  garnet,  where  the  latter  is  a  mere  shell,  enclosing 
calcite,   or  sometimes  epidote.       Analogous  cases 
have  been  explained  by  some  authors  as  being  due  tf)  partial  pseudomorph- 
ism, the  alteration  progressing  from  the  centre  outward. 


8W 


The  microscopic  crystals  observed  aa  inclosnres  may  sometimes  be 
referred  to  known  species,  but  moi-e  generally  their  true  nature  is  doubtful. 
The  term  microUies,  proposed  by  Vogelsang,  is  often  used  to  designate  tlie 


rainnte  inclosed  crystals:  they  are  generally  of  needle-like  form,  some- 
times qnite  irregalar,  and  often  very  remarkable  in  their  arrangement  and 
gronpings ;  some  of  them  are  exhibited  in  f.  367  and  f.  368,  as  explained 


*:.-  ••     7-rr.:w  ami  hei'  r;:-r  .ire  r.am-r*  intr-^i-i-rd  hj  Zirfcel ;  the  former 
:*i.- .-  -   :•--: —i  f.-^.m  Spi'f.  -i.f/r.  :he  f  ttts,  !:iie  rhat  in  L  M*.  are  common 
-  '••:  ai-..     '■V'lt^re  'he  n:-r.^'^  iL'iivM'iaJ;  ttl'.'Ci  to  known  species  they 
ia-r-  -a-  «;.  >,r  '^"Amr.-ie.  f-ii-isi-ar  nii-.-r iirt*.  etc, 

•  'S^.ii.,r^j,\r  ail  iiiai-'j-  =:>' -erm  w-iii::!  L^  ■  a  reeled  by  Vi^lsang  to  cover 
'../■H-  iiinure  formn  -.r;.!!-;!  r;av-  r..t  riie  rejralar  exteri-jr  turn  of  crvBtals, 
■  ■:■  t\%v  ^  T/.rwiilerwl  ai*  ;r.reraie'I:a:c  t-etwwjn  &nb>rpho[i£  niatteraniJ  true 
r- ,fai?  T-'ime  of  the  f-.nriS.  fijire*!  oy  V.^pjSsans.  are  shown  in  f.  363  to 
■yA  .  -lie-  irn  oftrtn  l.^*e^ve■i  in  i!*wy  v.-.Uunit-  nx-ks.  aod  also  in  furnace 
»!»</!>.  A  'f.r.f^  of  namej>  La^e  l>een  ^iven  Co  varieties  of  crystallitee,  Biich 
V-  /ViNiiiir.-fl,  marwaritee.  etc.* 

T'l^  mi*-ivi'.(-i>pi«  inrlfsnres  niav  a!j<>  be  of  an  irregtilar  glae^y  natnre  ;  a 
/.■»1  -ii«r  n'xi^TA  in  crjsraU  whi<rh  have  f.Traed  fn^m  a  melted  mass,  aa  lavas, 
."  ".<r  -i«ir  ^'f  iron  fnniace*. 

;  .  j»>ii.ra!.  it  may  Yi^  ~a,l\  that  while  thes-ilid  incloenresoccnr  sometimes 
yiii.!  li';''-r''Hrly  in  the  ory'taU,  they  are  more  generally  arranjred  with 
«,i-(-  «-J!i'iir  reference  to  the  symmetry  i>f  the  form,  or  planes  of  the 
■■■•;■■  AIM.     f,xamp!e8  uf  this  are  shown  in  "the  following  figures:  f,  367  ex- 
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Lencite. 


hilnta  ft  (Tvstal  fif  aiipite,  inclosing  mafrnetite,  feldspar  and  nephclite 
m\i:T:\\U-\  (-t/;,,  ainl  f.  3ti8  shows  a  crystal  of  lencite.  a  species  wh(«e 
«ryat«U  vnry  commonly  inclose  foreipa  matter.  Fig.  369  shows  a  section 
'*f  a  i:rytiU\\  of  calcitc,  containing  pyrite. 


Amrfhiir  Ktrikrnnexainpln  is  afforded  by  andalusite,  in  which  the  inclosed 
Irnpipritri-H  urn  ()f  conHiderahlo  extent  and"  remarkably  arranced.  Fig.  370 
dhowK  th<'  dii(!(;(»«ive  i.arts  of  a  single  crystal,  as  dissected  by  B.  HorBford 

•  Dlo  Kryatalliten  von  Hennum  Vogelsung.     Bomi,  187fi. 
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of  Spriiifffield,  Mass. ;  371,  one  of  tlie  four  white  portions ;  and  372,  the 
central  black  portion. 
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CRYSTALUNE  AGGREGATES. 

The  greater  part  of  the  specimens  or  masses  of  minerals  that  occur,  may 
"be  described  as  aggregations  of  imperfect  crystals.  Even  those  whosie 
etrnctiire  ap|)ear8  the  most  purely  impalpal)le,  and  the  most  destitute  in- 
tenmlly  of  anything  like  crystallization,  are  probably  composed  of  crystal- 
line grains.  Under  the  above  head,  consequently,  are  included  all  the 
remaining  varieties  of  structure  in  the  mineral  kingdom. 

The  individuals  composing  imperfectly  crystallized  individuals,  may  be: 

1.  Columns^  or  fibres^  in  which  case  the  structure  is  columnar. 

2.  Thin  lutninoB,  producing  a  himel/nr  structure. 

3.  Cf-rainSj  constituting  a  granukir  structure. 

1.  Columnar  Structure. 

A  mineral  possesses  a  columnar  structure  when  it  is  made  up  of  slender 
columns  or  fibres.  There  are  the  following  varieties  of  the  columnar  struc- 
ture: 

Fibrous  :  when  the  columns  or  fibres  are  parallel.  Ex.  gypsum,  asbestus. 
Fibrons  minerals  have  often  a  silky  lustre. 
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Reticulated :  when  the  fibres  or  columns  cross  in  various  directions,  and 
produce  an  appearance  having  some  resemblance  to  a  net. 

Stellated  or  stellulur:  when  they  radiate  from  a  centre  in  all  directions, 
and  produce  star-like  forms.     Ex.  stilbite,  wavellite. 

Radia4^j  divergent :  when  the  crystals  radiate  from  a  centre,  without 
producing  stellar  forms.    Ex.  quartz,  stibnite. 


2..  Lamellar  Structure. 

The  structure  of  a  mineral  is  lamellar  when  it  consists  of  plates  or 
leaves.  The  laminae  may  be  curved  or  straight,  and  thus  give  rise  to  the 
curved  lamellar,  and  straight  lamellar  stnictnre.  Ex.  wollastonite  (tabular 
spar),  some  varieties  of  gypsum,  talc,  etc.  When  the  laminse  are  thin  and 
easily  separable,  the  structure  is  said  to  be  foliaceous.  Mica  is  a  striking 
example,  and  the  term  micaceous  is  often  used  to  describe  this  kind  of 
structure. 

3.  Oranvlar  Structure, 

The  particles  in  a  granular  structure  differ  much  in  size.  When  coarse, 
the  mineral  is  described  as  coarsely  granular  ;  when  ^n^^  finely  granidar; 
and  if  not  distinguishable  by  the  naked  eye,  the  structure  is  termed  imr 
palpable.  Examples  of  the  first  may  be  observed  in  granular  crystalline 
limestone,  sometimes  called  saccharoidal ;  of  the  second,  in  some  varieties 
of  hematite  ;  of  the  last,  in  chalcedony,  opal,  and  other  species. 

The  above  terms  are  indefinite,  but  from  necessity,  as  there  is  every 
degree  of  fineness  of  structure  in  the  mineral  species,  from  perfectly  im- 
palpable, through  all  possible  shades,  to  the  coarsest  granular.  The  term 
phanero-cryHtaUine  has  been  used  for  varieties  in  which  tlie  grains  are  dis- 
tinct, and  crypto-erystallin€y  for  those  in  which  they  are  not  discernible. 

Granular  minerals,  when  easily  crumbled  in  tlie  fingers,  are  said  to  be 
friable. 

4.  Imitative  Shapes. 

Jieniform  :  kidney  shape.     The  stmcture  may  be  radiating  or  concentric 

Botryoidid:  consisting  of  a  group  of  rounded  prominences.  The  name 
is  derived  from  the  Greek  ^orpv^^  a  bunch  of  grapes.  Ex.  limonite,  chal- 
cedonv. 

Mammillary :  resembling  the  botryoidal,  but  composed  of  larger  prom- 
inences. 

Globular  :  spherical  or  nearly  so  ;  the  globules  may  consist  of  radiating 
fibres  or  concentric  coats.  When  attached,  as  they  usually  are,  to  the  sur- 
face of  a  rock,  they  are  described  as  implanted  globules. 

Nodxdar  :  in  tuberose  forms,  or  having  iri-egular  protuberances  over  the 
surface. 

Amygdaloidal :  almond-shaped,  applied  usually  to  a  greenstone  contain- 
ing almond-shaped  or  sub-globular  nodides. 
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CoraUoiddl- :  like  coral,  or  consisting  of  interlaced  flexuous  brandlings 
of  a  white  color,  as  in  some  aragonite. 

Dendritic  :  branching  tree-like. 

Mo88y  :  like  moss  in  form  or  appearance. 

FUijarm  or  Capillary :  very  slender  and  long,  like  a  thread  or  hair  ; 
consists  ordinarily  of  a  succession  of  minute  crystals. 

AcictUar  :  slender  and  rigid  like  a  needle. 

Reticulated:  net-like. 

J)rufty :  closely  covered  with  minute  implanted  crystals. 

Stala>ctitic:  wlien  the  mineral  occurs  in  pendant  columns,  cylinders,  or 
elongated  cones. 

Stalactites  are  produced  by  the  percolation  of  water,  holding  mineral 
matter  in  solution,  through  the  rocky  roofs  of  caverns.  The  evaporation 
of  the  water  produces  a  deposit  of  the  mineral  matter,  and  gradually  forms 
a  long  pendant  cylinder  or  cone.  The  internal  structure  may  be  imper- 
fectly crystalline  and  granular,  or  may  consist  of  libres  i-adiating  from  the 
central  column,  or  there  may  be  a  bi^oad  cix>ss-cleavage. 

Common  stalactites  consist  of  calcium  carbonate.  Chalcedony,  gibbsite, 
bn)wn  iron  ore,  and  many  other  species,  also  present  stalactitic  forms. 

The  term  amorplwiis  is  used  when  a  mineral  has  not  only  no  crystalline 
form  or  imitative  shape,  but  also  does  not  polarize  the  light  even  in  its  minute 
particles,  and  thus  appeai*s  to  be  destitute  wholly  of  a  crystalline  structure 
mtemally,  as  most  opal.  Such  a  structure  is  also  called  colloid  or  jelly- 
like, from  the  Greek  for  glue.  Wliether  there  is  a  total  absence  of  crystal- 
line structure  in  the  molecules  is  a  debated  point.  The  word  is  from  a, 
pHmitivej  and  f^p<fyij  shape. 


PSEXTDOMORPHOUS  CRYSTALS, 

Every  tme  mineral  species  has,  when  crystallized,  a  form  peculiar  to 
itself ;  occasionally,  however,  crystals  are  found  that  have  the  form,  both 
as  to  angles  and  general  habit,  of  a  certain  species,  and  yet  differ  from  it 
entirely  in  chemical  composition.  Moreover  it  is  often  seen  that,  though 
iu  outward  form  complete  crystals,  in  internal  structure  they  are  granular, 
or  waxy,  and  have  no  regular  cleavage. 

Such  crjstals  are  called  meudomorj>fis^  and  their  existence  is  explained 
by  the  assumption,  often  admitting  of  direct  proof,  that  the  original  min- 
eral has  been  changed  into  the  new  compound,  or  has  disappeared  through 
some  agenc3%  and  its  place  been  taken  by  another  chemical  compound  to 
which  the  form  does  not  belong. 

Pseudomorphs  have  been  classed  under  several  heads. 

1.  Pseudomorphs  by  substitution. 

2.  Pseudomorphs  by  simple  deposition^  {a)  incrustation  or  (h)  inJUtra- 
Hon, 

8.  Pseudomorphs  by  alteration  ;  and  these  may  be  altered 
(a)  without  a  change  of  composition,  by  paramorphism  ; 
b)  by  tlie  loss  of  an  ingredient ; 
c\  by  the  assumption  of  a  foreign  substance ; 
a)  by  a  partial  exchange  of  constituents. 
8 
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1.  The  first  class  of  psendomorphs,  by  sicbstitutioriy  embrace  those  cases 
wliere  tliere  has  been  a  gradual  removal  of  the  original  material  and  a 
corresponding  and  simultaneous  replacement  of  it  by  another,  without, 
however,  any  chemical  reaction  between  the  two.  A  common  example  of 
this  is  a  piece  of  fossilized  wood,  where  the  original  fibre  has  been  replaced 
entirely  by  silica.  The  first  step  in  the  process  was  the  filling  of  all  the 
pores  and  cavities  by  the  silica  in  solution,  and  then  as  the  woody  fibre  by 
gradual  decomposition  disappeared,  the  silica  further  t<x)k  its  i)lace.  Other 
examples  are  quartz  after  fluorite,  calcite,  and  many  other  species,  cassiteritc 
after  orthoclase,  etc. . 

2.  Psendomorphs  by  inonistntiony  form  a  less  important  class.  Such 
are  the  crusts  of  quartz  formed  over  fluorite.  In  most  cases  the  removal 
of  the  original  mineral  has  gone  on  simultaneously  with  the  deposit  <»f  the 
second,  so  that  the  resulting  pseudomorph  is  properly  one  of  substitution. 
In  psendomorphs  by  infiltratxoix^  a  cavity  made  by  the  removal  of  a  crystal 
has  been  filled  by  another  mineral. 

3.  The  third  class  of  psendomorphs,  by  alteration^  include  a  considerable 
proportion  of  the  observed  cases,  of  which  the  number  is  very  large.  Con- 
clusive evidence  of  the  change  which  has  gone  on  is  often  furnislied  by  a 
kernel  of  the  original  mineral  in  the  centre  of  the  altered  crystal ;  <?.y.,  a 
kernel  of  cuprite  in  a  pseudomorphous  octahedron  of  malachite ;  also  of 
chrysolite  in  a  pseudomorphous  crystal  of  serpentine ;  of  corundnm  in 
fibrolite.  or  spinel  (Genth). 

(a)  An  example  of  paramorphism  is  f  uniished  by  the  change  of  aragonite 
to  calcite  at  a  certain  temperature ;  also  the  j.)arara(rrj)hs  of  rutile  after 
arkansite  from  Magnet  Cove. 

(i)  An  example  of  the  psendomorphs  in  which  alteration  is  accompanied 
by  a  loss  of  ingredients  is  furnished  by  crystals  of  limonite  in  the  form  of 
siderite,  the  carbonic  acid  having  been  removed ;  so  also  calcite  after 
gay-lussite  ;  native  copper  after  cuprite. 

\c)  In  the  change  or  cuprite  to  malachite,  e,g,y  the  familiar  crystals  from 
Chessy,  France,  an  instance  is  afforded  of  the  assumption  of  an  ingredient, 
viz.,  carbonic  acid.  Psendomorphs  of  gypsum  after  anhydrite  occur,  where 
there  has  been  an  assumption  of  water. 

((J)  A  partial  exchange  of  constituents,  in  other  words,  a  loss  of  one  and 
gain  of  another,  takes  place  in  the  change  of  feldspar  to  kaolin,  in  which 
the  potash  silicate  disappears  and  water  is  taken  np ;  psendomorphs  of 
chlorite  after  garnet,  pyromorphite  after  galenite,  are  other  examples. 

The  chemical  processes  involved  in  such  changes  open  a  wide  field  for 
investigation,  in  which  Bischof,  Delesse  and  others  have  done  mnch. 


SECTION  11. 
PHYSICAL    OHAEAOTERS    OF    MINERALS. 

The  physical  characters  of  minerals  are  those  which  relate :  L,  to 
Cohesion  and  Elasticity,  that  is :  cleavage  and  fracture^  hardnesSy  and  ten- 
acity ^  IL,  to  the  Mass  and  Volume,  the  specific  gravity  ;  ILL,  to  Light, 
the  optical  properties  of  crystals ;  also  col/jr^  litstre^  etc. ;  IV.,  to  Heat ; 
v.,  to  Electricity  and  Magnetism ;  VI.,  to  the  action  on  the  Senses,  as 
taste^  feelj  etc. 

L  COHESION  AND  ELASTICITY. 

By  cohesion  is  understood  the  resistance  which  any  body  makes  to  an 
extraneous  force  tending  to  separate  its  particles,  either  by  breaking  or 
(scratching.  This  principle  leads  to  some  of  the  most  univei'sally  important 
physical  characters  of  minerals, — cl'Cavagey  fracture^  and  hardness. 

Elasticity^  on  the  other  hand,  is  the  force  which  tends  to  bring  the 
molecules  of  a  body  back  into  their  original  position,  from  which  they  have 
been  disturbed.  Upon  elasticity  de]>ends,  for  the  most  part,  the  degree 
of  tenacity  possessed  by  different  minerals. 


A.  Cleavage  and  Fbacture. 

1.  Cleavage.  —  Most  crystallized  minerals  have  certain  directions  in 
which  their  cohesive  power  is  weakest,  and  in  which  they  consequently 
yield  most  readily  to  an  exterior  force.  Tliis  tendency  to  break  in  the 
direction  of  certain  planes  is  called  cleavage^  and  being  most  intimately 
oonnected  with  the  crystalline  form  it  has  already  been  necessary  to  define 
it,  and  to  mention  some  of  its  most  important  features  (p.  2).  Cleavage 
differs  {a)  according  to  the  ease  with  which  it  is  obtained,  and  {b)  accord- 
ing to  its  direction,  crystallographically  determined. 

(a)  Cleavage  is  Q»\\e^  perfect  or  eminent  when  it  is  obtained  with  great 
ease,  affording  smooth,  lustrous  surfaces,  as  in  mica,  topaz,  calcite.  Interior 
degrees  of  cleavage  are  spoken  of  as  distinct^  indistinct  or  imperfect  winter- 
ruptedj  in  traces^  difficult.  These  terms  are  suflSciently  intelli«j:ible  without 
further  explanation.  It  may  be  noticed  that  the  cleavage  of  a  species  is 
sometimes  better  developed  in  some  of  its  varieties  than  in  othei*s. 

(A)  Cleavaije  is  also  named  according  to  the  direction,  crystallographically 
dehned,  whidi  it  takes  in  a  species.  When  parallel  to  the  basal  secjtion  {O) 
it  is  called  basal,  as  in  topaz ;  parallel  to  the  prism,  as  in  amj)hibole,  it  is 
called  prismatic  /  also  macrodiagonal,  orthoaiagonal^  etc.,  when  parallel 
to  the  Beveral  diametral  sections ;  parallel  to  the  faces  of  the  cube,  octa- 
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hedron,  dodecahedron,  or  rhombohedron,  it  is  called  ouhic^  as  galenite ; 
octahedral^  as  fluorite ;  dodecahedraf,^  as  sphalerite ;  rhoinbohedral^  as 
calcite. 

Intimatelj  connected  with  the  cleavage  of  czystallic^  minerals  are  the  divisional  planes  in- 
vestigated by  Reusch  (see  Literature,  p.  1 18).  He  has  found  that  bj  pressure,  or  bj  a  sudden 
blow,  divisional  planes  are  in  many  cases  produced  which  are  ajialogous  to  the  cleavage 
planes.  Tlie  first  he  calls  Gleitfldchen^  or  planes  in  which  a  sliding  of  the  molecules  upon 
each  other  takes  place.  Thus,  for  example,  if  two  opposite  dodeoihedral  edges  of  a  cubic 
cleavage  mass  of  rock-salt  are  regularly  filed  away,  and  the  mass  then  subject^  to  pressure 
in  this  direction,  a  Oleitflache  is  obtained  parallel  to  the  dodecahedral  face. 

The  figures,  on  the  other  hand,  obtained  by  a  blow  on  a  rounded  steel  point,  placed  perpen- 
dicular to  the  natural  or  cleavage  face  of  a  crystal,  are  called  by  him.  fracture-figures  (Schlag- 
fi'.;uren).  The  divisional-planes  in  this  case  appear  as  cracks  diverging  from  the  point  where 
the  blow  has  been  made.  For  instance,  on  a  cubic  face  of  rock-salt  two  planes,  forming  a 
rectangular  cross,  are  obtained  ;  on  biaxial  mica,  a  six-rayed  (sometimes  three -rayed)  star 
results  from  the  blow,  one  ray  of  which  is  always  parallel  to  the  brachydiagoual  axis  of  the 
prism. 

2.  Fracture, — The  term  fracture  is  used  to  define  the  form  or  kind  of 
surface  obtained  by  breaking  in  a  direction  other  than  that  of  the  cleavage 
in  crystallized  minerals,  and  in  any  direction  in  massive  minerals.  When 
the  cleavage  is  highly  perfect  in  several  directions,  as  the  cubic  cleavage  of 
galenite,  fracture  is  often  not  readily  obtainable. 

Fracture  is  defined  as : 

{a)  Conchoidal ;  when  a  mineral  breaks  with  curved  concavities,  more 
or  less  deep.  It  is  so  called  from  the  resemblance  of  the  concavity  to  the 
valve  of  a  shell,  from  concha,  a  sheU  f  flint. 

(J)  Even  ;  when  the  surface  (jf  fracture,  though  rough,  with  nuraei'OTis 
small  elevations  and  depressions,  still  approximates  to  a  plane  surface. 

(c)   Uneven  ;  when  the  surface  is  rough  and  entirely  irregular. 

(a)  Hackley  ;  when  the  elevations  are  sharp  or  jagged  ;  broken  iron. 

Other  terms  also  employed  are  earthy^  splintery^  etc. 


B.  Hardness. 

By  the  hardness  of  a  mineral  is  understood  the  resistance  which  it  offers 
to  abrasion.  The  degree  of  hardness  is  determined  by  observing  the  ease 
or  difficulty  with  which  one  mineral  is  scratched  by  another,  or  by  a  file  or 
knife. 

In  minerals  there  are  all  grades  of  hardness,  from  that  of  a  substance 
impressible  by  the  finger-nail  to  that  of  the  diamond.  To  give  precision 
to  the  use  of  this  character,  a  scale  of  hardneaa  was  iuti*oduced  by  Mohs. 
It  is  as  follows : 

1.  Talc  /  common  laminated  light-green  variety. 

2.  Gypsum  ;  a  crystallized  variety. 

3.  Calcite  *  transparent  variety. 

4.  Fluorite  /  crystalline  variety. 

5.  Apatite  /  transparent  variety. 
(5.5.  Scapolite  y'  crystalline  variety.) 

6.  Feld^ar  (orthoclase) ;  white  cleavable  variety, 

7.  Quartz,'  transparent. 
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8.  Ti/pdz  I  transparent. 

.  9.  Sapphire  J  cleavable  varieties. 

10.  Diaimyna. 

If  the  mineml  under  trial  is  seratolied  by  the  file  or  knife  as  easily  as 
apatite,  its  hardness  is  called  5  ;  if  a  little  more  easily  than  apatite  and 
nut  so  readily  as  fluorite,  its  Iiardness  is  called  4.5,  etc.  For  minerals  as 
liard  or  haixler  than  quartz,  the  file  will  not  answer,  and  the  relative  hard- 
ncBS  is  determined  by  finding  by  experiment  whether  the  given  mineral  will 
scratch,  or  can  be  scratched  by,  the  successive  minerals  in  the  senile. 

It  need  hardly  be  added  that  great  accumcy  is  not  attainable  by  the  above 
methods,  though,  indeed,  for  all  mineralogical  purposes  exactness  is  quite 
nnnecessary. 

The  interval  between  2  and  3,  and  5  and  6,  in  the  scale  of  Mohs,  being 
a  little  greater  tlian  between  the  other  numbers,  Breithaupt  proposed  a 
scale  of  tijoelve  minerals  ;  but  the  scale  of  Mohs  is  now  univei'sally  accepted. 

Accurate  determinations  of  the  hardness  of  minerals  have  been  made  by 
Frankenheim^  Fram^  Grailich  and  Pekarek,  and  others  (see  Literature, 
p.  118),  with  an  instrument  called  a  sderovieter.  The  mineral  is  placed  on 
a  raovable  carriage  with  the  surface  to  be  experimented  upon  horizontal ; 
this  is  brought  in  contact  with  a  steel  point  (or  diamond-point),  fixed  on  a 
support  above;  the  weight  is  then  determined  which  is  just  snfiicient  to 
move  the  carriage  and  produce  a  scratch  on  the  surface  of  the  mineral. 

By  means  of  such  an  instrument  the  hardness  of  the  di£Ferent  faces  of  a 

S'ven  crj'stal  has  been  determined  in  a  variety  of  cases.  It  has  been  found 
at  difFerent  planes  of  a  en  stal  differ  in  hardness,  and  the  same  plane  dif- 
fers as  it  is  scratched  in  dinerent  directions.  In  general,  the  hardest  plane 
is  tliat  which  is  intersected  by  the  plane  of  most  complete  cleavage.  And 
of  a  sinojle  plane,  which  is  intersected  by  cleavage  planes,  the  direction 

Eerpendicular  to  the  cleavage  direction  is  the  softer,  those  parallel  to  it  the 
araer. 

This  subject  has  been  reoently  investigated  by  Exnor  (p.  118),  who  has  given  the  form  of 
thecMrp^ff  of  hattiness  for  the  different  planes  of  many  CTystals.  These  onrveH  are  obtained  as 
follows :  the  least  weight  required  to  scratch  a  cn'stalline  surface  in  different  directions, 
for  each  10^  or  15®,  from  0®  to  18^ >®,  is  determined  with  the  sclerometer ;  these  directions 
ftxe  laid  off  as  radii  from  a  centre,  and  the  length  of  each  is  made  proportional  to  the  weight 
fixed  by  experiment,  that  is,  to  the  hardness  thus  determined  ;  the  line  oonnecting  the 
•ztiemitiea  of  these  radii  is  the  curve  of  hardness  for  the  given  plane. 


C.  Tenacity. 

Solid  minerals  may  be  either  brittle,  sectile,  malleable,  flexible,  or  elastic. 

(a)  Brittle  /  when  parts  of  a  mineral  separate  in  powder  or  grains  on 
attempting  to  cut  it ;  calcite. 

(ft)  SectU^  ;  when  pieces  may  be  cut  off  with  a  knife  without  falling  to 
powder,  but  still  the  mineral  j)ulverize8  under  a  hammer.  This  character 
18  intermediate  between  brittle  and  malleable ;  gypsum. 

{c)  MoUeahle ;  when  slices  may  be  cut  off,  and  these  slices  flattened  out 
under  a  hammer;  native  gold,  native  silver. 

(c/)  Flexible ;  when  the  mineral  will  bend,  and  remain  bent  after  the 
beucung  force  is  removed ;  talc. 
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{e)  Elastic  ;  when  after  being  bent,  it  will  spring  back  to  its  original 
position  ;  mica. 

The  eUiaticity  of  crystallized  minerals  is  a  subject  of  theoretical  rather 
than  practical  importance.  The  subject  has  been  acoustically  investigated 
by  Savart  with  very  interesting  results.  Kcference  may  also  be  made  to 
the  investigations  of  Neumann,  and  later  those  of  Voigt  and  Groth.  The 
most  important  principle  established  by  these  researches  is,  as  stated  by 
Groth,  that  in  crystals  the  elasticity  (coefficient  of  elasticity)  dififere  in 
different  directions,  but  is  the  same  in  all  directions  which  are  crystullo- 
graphically  identical ;  hence  he  gives  as  the  definition  of  a  crystal,  a  solid 
m  which  the  elasticity  is  a  function  of  the  direction. 

Intimately  connected  with  the  general  subjects  here  considered,  of  cohesion  in  relation 
to  minerals,  are  the  figures  produced  bj  etching  on  crystalline  faces  (Aetzfiguren,  Germ), 
investigated  by  Leydolt«  and  later  by  Baumhauer,  Exner,  and  others.  This  method  of  investi- 
gation is  of  high  importance  as  revealing  the  molecular  structure  of  the  crystal ;  reference, 
however,  must  be  made  to  the  original  memoirs,  whose  titles  are  given  below,  for  the  foU 
discussion  of  the  subject. 

The  etching  is  performed  mostly  by  solvents,  as  water  in  some  cases,  more  generaUy  the 
ordinary  mineral  acids,  or  caustic  alkalies,  also  by  steam  and  hydrofluoric  acid ;  the  latter  is 
especially  powerful  in  its  action.  The  figures  produced  are  in  the  majority  of  cases  angular 
depressions,  such  as  low  triangular,  or  quadrUateral  pyramids,  whose  outlines  run  parallel  to 
some  of  the  crystalline  edges.  In  some  cases  the  planes  produced  can  be  referred  to  oocnr- 
ring  crystaUographic  planes.  They  appear  alike  on  similar  planes  of  crystals,  and  henoe 
serve  to  distinguish  different  forms,  perhaps  in  appearance  identical,  as  the  two  sets  of  planes 
in  the  ordinax-y  double  pyramid  of  quartz ;  so,  too,  they  reveal  the  compound  twinning  stnio- 
ture  common  on  some  crystals,  as  quartz  (p.  80)  and  aragonite. 

Analogous  to  the  etching-figures  are  the  figures  produced  on  the  faces  of  some  crystals  by 
the  loss  of  water  (Yerwitterongsfiguren,  Oerm.)  This  subject  has  been  investigated  by  Pape 
(see  below). 

LiTERATURB. 

Cohesion  /   Hardness. 

Frankenheim.  De  Crystalloruin  Cohaosione,  1820  ;  also  in  Baumgartner*s  2«eit6ohrift  tfXr 
Physik,  ix.,  04,  104.  1831. 

Frankenheim.    Ueber  die  Anordnung  der  Molecule  in  KrystaUen  ;  Fogg,  xcvii.,  337.  1856. 

Sohncke,  Ueber  die  Gohasion  des  Steinsalzes  in  krystallographisoh  verschiedenen  Rich- 
tun^n;  Pogg.  cxxxvli.,  177.    1860. 

Franz,  Ueber  die  Harte  der  Mineralien  und  eln  neues  Verfahren  dieselbe  vol  meflsen ; 
Pogg.  Ixxx.,  87.  1850. 

GraUidi,  und  Ptkdrek.    Her.  Ak.  Wien,  xui.,  410.  1854. 

Exner,    Ueber  die  Hiirte  der  ErystaUflachen ;  166  pp.     Wien,  1878. 


Elasticity, 

Savart,    Pogg.  Ann.,  xvi.,  206. 
Neumann.    Pogg.  Ann.,  xxxi.,  177. 
Vmgt.    Pogg.  Ann.  Erg.  Bd.,  vu,  i,  177,  1875. 
Groth,    Pogg.  Ann.,  clviL,  115,  787.    1876. 

Bauer,  Untersuchung  iiber  den  Glimmer  und  verwandte  Minerale  ;  Pogg.  ozzzrili.,  837, 
1860. 

Reusch.  Ueber  die  Komerprobe  am  Steinsalz  u.  Kalkspath.  Pogg.  oxxxii.,  441,  1867;— 
am  zwei-axigen  Qlimmer,  Pogg.  Ann,  cxxxvi,  430, 632 ;— am  krystal^ten  Gyps,  ibidL,p.  185. 


SPECIFIC   GRAVITY,  119 

BckwmhauiT,  TJeber  Aetzfig^ren  and  die  Eracheinungen  des  Aflterismus  an  Krystallen ; 
Pogg.  Ann.  czxxviii,  163  ;  cxxxix.,  849  ;  cxL,  271  ;  cxlv.,  4o9  ;  cliii.,  621 ;  Ber.  Ak.  Milnohen, 
1875,  169. 

DamieA,    Quarterly  Journal  of  Science,  i.,  24.    1816. 

Exner,    An  Losungsfiguren  in  Krystallen;  Ber.  Ak.  Wien,  Ixix.,  6.   1874. 

HvrtehwaHd.    Aetzflguren  an  Quarz-Krjstallen ;  Pogg.  cxxxvii ,  548.    18<$9. 

Knop.    Jahrb.  Min.,  1872,  78^). 

LeyddU,    Ueber  Aetzungen ;  Ber.  Ak.  Wien,  xv.,  58;  xix.,  10. 

Pope.  Ueber  das  Yer witter ungs-Ellipsoid  wasserhal tiger  Erystalle;  Pogg.  cxziv.,  829; 
caur.,  518.  1865. 


11.  SPECIFIC  GRAVITY. 

• 

The  specific  gravity  of  a  mineral  is  its  weiglit  compared  with  that  of  an- 
other snbstance  of  equal  volume,  wliose  gravity  is  taken  at  unity.  In  the 
case  of  solids  or  liquids,  this  comparison  is  usually  made  with  water.  If  a 
cubic  inch  of  any  mineral  weiglis  twice  as  much  as  a  cubic  inch  of  water 
(water  being  the  unit),  its  specific  gravity  is  2,  if  three  times  as  much,  its 
specific  gravity  is  3,  etc. 

The  direct  comparison  by  weight  of  a  certain  volume  of  water  with  an 
equal  volume  of  a  given  solid  is  not  often  practicable.  By  making  use, 
however,  of  a  familiar  principle  in  hydrostatics,  viz.,  that  the  weight  lost 
bj  a  solid  immereed  in  water  is  equal  to  the  weight  of  an  equal  volume  of 
water,  that  is  of  the  volume  of  water  it  displaces, — the  determination  of  the 
specific  gravity  becomes  a  very  simple  process. 

The  weight  of  the  solid  out  of  water  {w)  is  determined  by  weighing  in 
the  usual  manner ;  then  the  weight  in  water  is  found  {w')^  when  the  loss  by 
immersion  or  the  diflference  of  the  two  weights  {w  —  w')  is  the  weight  of  a 
volume  of  water  equal  to  that  of  the  solid  ;  finally  the  quotient  of  the  first 
weight  (ti?)  by  that  of  the  equal  volume  of  water  as  determined  {p  —  w') 
is  the  specitic  gravity  (6r). 

Hence,  O  = 


w  —  w'* 


For  example,  the  weight  of  a  fragment  of  quartz  is  found  to  be  4.534 

grams.      Its  weight  in  water  =  2.817  grains,  and  therefore  the  loss  of 

weight,  or  the  weight  of  an  equal  volume  of  water  =  1.717.     Consequently 

4  534 
the  specific  gravity  is  equal  to    '       ,  or  2.641. 

The  ordinary  method  for  obtaining  the  specific  gravit}'^  of  firm,  solid 
minerals  is  first  to  weigh  the  specimen  accurately  on  a  good  chemical  bal- 
ance, then  suspend  it  from  one  pan  of  the  balance  by  a  horse-hair,  silk 
thread,  or  better  still  by  a  fine  platinum  wire,  in  a  glass  of  water  con- 
veniently placed  beneath.  The  platinum  wire  may  be  wound  around  the 
specimen,  or  where  the  latter  is  small  it  may  be  made  at  one  end  into  a 
little  spiral  support  While  thus  suspended,  the  weight  is  again  taken  with 
the  same  care  as  before. 

The  water  employed  for  this  purpose  should  be  distilled,  to  free  it  from 
all  foreign  substances.  Since  tlie  density  of  water  varies  with  its  tempera- 
torei  a  particular  temperature  has  to  be  selected  for  these  experiments,  in 
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rtrdftr  to  dbfain  nniform  ressiirs:  •i""'  F.  is  the  ranut  coavenient  and  bos 
hfspii  ^ciiemiiv  :i-i.!Ke-l.  B-ir  -ue  -empcramnf  ■,£  the  mMimmn  d'eiwitv  ,,( 
wai.-r  :i'.<.j-  F.  i=  C.i,  oa^i  )«!i  ret:- 1 mile ii*l»i  4*  preferable.  For  minerals 
rioiiiliie  in  '.varer  #>.itie  -ither  i.;iii:.  :ii?  iiL-.-h-L  benzene,  etc..  ninst  be  em 
|.l.iy-,|.  wii.*e  sneciic  jTTi  -::"  /  :=  Ji-.;tinitely  k:i..wn  :  fruin  the  coin. 
pari-«.ii  M-itli  :r.  r!ie  sretrint  ^'n-.-ry  o-'  -jt  die  tuinenil  aa  referred  to  water 
iFi  deteriiiineil.  sa  by  die  f.-nmiJi : 


A  r.TT  «nnT«ni««  fnnn  of  b«l«n«  -a  ihe  jpiial  bauuice  o(  J.iHt.  vlieic  th«  weight  la  m-^ 
■cnr^  ny  th--  Ei>mim  of  s  <piru  bras*  «:re,  Tba  «adm(f-.  wbich  ?ive  the  weie ht  of  the  mi- 
eml  in  .in.l  -ml  if  >mwr.  are  dot:i-ii«i  75  jimerring  the  o-iinciduow  of  the  index  with  i« 
im«B^  r^rt-i^^rl  in  rhe  m:n»r  -'ii  wiiico  :ae  ,naiiii*y'n  Lt  nuule.  "  "" 

A  f.irni  .it  nninn.w-  in  A-Swh  weuriii*  iw  »iso  hapeiuied  irith,  the  specifit.-  frn*irr  beinf  n-mA 
nil  from  a  -rsii^  arich.mt  carfajti.-n.  baa  r>^-*nti;  uwn  aaicnUHi  by  Parish  1  Am.  J  Sou  III 
a.,  iji'.     Where  jreat  accuraoy  La  aoc  rwiuirwL  it  i.-an  be  retr  ouDivniencIy  iu«d.         ' 

If  thft  mineml  !:=  ri"t  *->Iiii.  tm  p^.^■e^lIelU  -t  p-.r^ii!?.  it  U  l^est  to  rednce 
it  r.>  a  i-w.kT  -svA  n-e-^h  it  ui  a  little  glass  iK.ttle  (f  3731 
3n  calloi  ;&  ['vgi!. .meter.     This  tK^ttle  h^  a  stopper  which 


tits  ri^rlith  aiKi  eii.U  in  a  tiiL-e  with  a  verv  fine  oiwninff 
Tlu'  Iw.tile  U  tiUe-i  with  Jistilled  water,  the  stoinxir  i»- 
serteii,  .iiiii  tlie  ovei-dowiiiir  water  carefullv  rejtioved  with 


^^  a  *'ft  clotii.     It  i#  now  wei^lied.  aud  also  the  niiiieml 

WM  whiw  density  is  to  U'  detenmiiod.     Tlie  stopper  is  tlien 

^gW^^  removed  and  the  mineral  in  powder  or  in  sniatl  fragments 
^V^^^k  in^rted.  with  care,  :.*<  ss  in-t  to  introduce  air-bubbles, 
^m^^^^k  Tlie  water  which  overflows  on  replacing  the  Btopper  is 
^1  ^H^H  tlie  amount  of  water  dispkced  by  the  mineral.  The 
^^^^^^^  wcifrhl  of  the  manometer  witk  the  enck»ed  mhieral  is 
^^1^^^^  determined,  and  the  weight  of  the  water  Uiet  is  obvinuslv 
the  difference  K'tween  this  last  weight  and  that  of  tlie 
b'.ttle  and  liincral  t.^^'crher.  as  first  determined.  Tlie  si)ecific  fjravitv  of 
t\if.  minerfti  B^jinal  to  its  wciirht  alone  divided  by  the  weight  of  the  equal 
V'lliirrK!  of  water^^jjs  detcnnined. 

Where  this  methoti.  is  followed  with  sufficient  care,  esjjeciallj  avoidinir 
any  i-]ihu<zt:  of  teinjKJratnre  in  the  water,  the  resnlts  are  quite  aceuiate 
<^rlK;r  tM;t\\i*U  of  deleniiining  the  specific  gravity  will  be  fuund  described' 
in  thi;  literatnre  notices  which  follow. 

It  han  liccn  sli'iwii  br  Rose  that  chemical  prm-ipitates  have  tmifornily  a 
hitrlmr  density  than  lielonjp  to  the^ue  sul«tance  in  a  Icaa  finely  divided 
ftdf''.  Thin  incrcMSG  of  density  also  dtu^aclerizes,  though  to  a  less  extent 
a  riiiTi'iral  in  a  tine  state  of  vuchimicid  subdivision.  This  is  explained 
hjr  f  ln!  (■' III  (let  I  Nation  of  the  water  on  the  surface  of  the  powder. 

It.  may  nl«o  l)e  mentioned  that  tlie  density  of  many  substances  is  altez^ 
hy  fjision.  The  same  mineral  in  different  states  of  molecular  aj^regatinu 
may  differ  somfiwhat  in  density.  Furthermore,  minerals  having  the  same 
lilii'rnii-al  (''imposition  have  sometimes  different  densities  corresponding  to  the 
(liffumit  cryHlailino  forms  in  which  they  appear  (sec  p.  177). 
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For  all  minerak  in  a  state  of  averai^e  purity  the  specific  gravity  is  one  of 
the  most  important  and  constant  characteristics,  as  urged  especially  by 
Bi^ithaupt.  Every  chemical  analysis  of  a  mineral  should  be  accompanied 
by  a  careful  determination  of  its  density. 

Practical  mggeHions. — The  fragment  taken  should  not  be  too  large,  say  from  two  to  five 
grams  for  ordinary  oases,  varying  somewhat  with  the  density  of  the  mineral.  The  substance 
must  be  free  from  impurities,  internal  and  external,  and  not  porous.  Care  must  be  taken  to 
exclude  air-bnbbles,  Mid  it  wiU  often  be  found  well  to  moisten  the  surfaoe  of  the  specimen 
before  inserting  it  in  the  water,  and  sometimes  boiling  is  necessary  to  free  it  from  air.  If  it 
absorbs  water  this  latter  process  must  be  allowed  to  go  on  till  the  substance  is  fully  satu- 
rated. No  accurate  determinations  can  be  made  unless  the  changes  of  temperature  are 
rigorously  excluded  and  the  actual  temperature  noted. 

In  a  mechanical  mixture  of  two  constituents  in  known  proportions,  when  the  specific 
gxayity  of  tiie  whole  and  of  one  are  known,  that  of  the  other  can  be  readily  obtained.  This 
method  is  often  important  in  the  study  of  rocks. 
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III.  LIGHT. 

Before  considering  the  distinguishing  optical  pmperties  of  crystals  of  the 
different  systems,  it  is  desirable  to  review  briefly  some  of  the  more  im- 

Sortant  principles  of  optics  upon  which  the  phenomena  in  question 
epend. 
Nature  of  light, — In  accordance  w^ith  the  nndulatory  theory  of  Iluy- 
f^hens,  as  further  developed  by  Young  and  Fresnel,  light  is  concjeived  to 
consist  in  the  vibrations,  transvei^se  to  the  direction  of  propagation,  of  the 
particles  of  imponderable,  elastic  ether^  which  it  is  assumed  pervades  all 
space  as  well  as  all  material  bcniies.  These  vibrations  are  pi*o])agated  with 
great  velocity  in  straight  lines  and  in  all  directions  from  the  luminous 
point,  and  the  sensation  which  they  produce  on  the  nerves  of  the  eye  is 
called  light. 

The  nature  of  the  vibrations  will  be  undei-stood  from  f.  374.  If  AB 
represents  the  dii*ecrion  of  propagjition  of  the  light-ray,  each  particle  of 
ether  vibrates  at  right  angles  to  this  as  a  line  of  equilibrium.     The  vibra- 
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tioii  of  the  firet  particle  induces  »  eiiuilar  movement  in  tlie  adjacent  par- 
ticle ;  tliis  is  cotniiiuiiieuted  to  tlie  next,  and  so  on.  The  particles  vibrate 
succettsivtily  from  the  line  AB  to  a  distance  correspondiug  to  M' called  the 
ainplUudts  of  the  vibi-atiou,  then  return  to  b  and  pass  on  to  o",  and  so 


on.  Tluis  at  a  ^iven  instant  there  are  particles  occupying  all  positions, 
fiiiin  that  iif  the  extreme  distance  b',  or  c',  from  the  line  of  equilibrinni  to 
that  on  this  line.  In  this  way  the  wave  of  vibration  moves  forward,  wliile 
tlic  motliin  of  the  particles  is  only  transverse.  In  the  figure  the  vibrations 
are  rejirenentcd  in  one  plane  only,  bnt  in  ordinary  light  tliey  take  place  in 
all  (lirtKitiona  ahont  the  line  AB.  The  distance  between  any  two  oartieles, 
which  are  in  like  {M«itions,  of  like  phase,  as  b'  and  c',  is  called  tnewave- 
leiujih  :  and  the  time  required  for  tliis  completed  movement  is  called  the 
time  of  vibration.  The  intensity  of  the  light  varies  with  the  amplitude  of 
the  vibrations,  and  the  color  depends  upon  the  length  of  the  waves;  the 
wave-lengths  of  the  violet  rays  are  shorter  than  those  of  the  red  rays. 

Two  waves  of  like  jJiase.  propagated  in  the  same  direction  and  of  equal 
intensity,  on  meeting  unite  to  form  a  wave  of  double  intensity  (double 
amplitude).  If  the  waves  differ  !n  phase  by  half  a  wave-length,  or  an  odd 
nmltijile  tif  this,  they  intfrfero  and  extinguish  each  other.  For  other  rela- 
tions iif  phase  they  are  also  said  to  interfere,  forming  a  new  resultant  wave, 
differing  in  phase  and  amplitude  from  each  of  the  component  waves;  if 
they  are  waves  of  white  light,  their  interference  is  indicated  by  the  appear- 
ance of  the  successive  <Milors  of  the  spectrum.  The  propagation  of  the 
vibration-waves  of  light  i><  eimietinies  compared  to  the  effect  produced 
when  a  pebble  is  tlm>wn  in  a  sheet  of  quiet  water — a  series  of  concentric 
circular  waves  arc  sent  out  frem  the  point  of  agitation.  These  waves  con- 
sist in  the  transverse  vibration  of  the  paiticles  of  water,  the  waves  move 
forward,  but  the  water  simply  vibrates  to  and  fro  vertically. 

The  waves  of  light  are  pn>pagated  forward,  in  an  analogous  manner,  in 
all  directions  from  the  luminous  point,  and  the  surface  which  contains  all 
the  particles  which  conmience  their  vibrations  stmultaoeously  is  called  the 
wavti-gurface  tWollenflacho,  Germ.). 

If  the  prepagation  of  light  goes  on  with  the  same  velocity  in  all  direc- 
tions in  a  homogeneous  medium,  the  wave-surface  is  obviously  that  of  a 
sphere  and  the  medium  is  said  to  bo  wotrope.  If  it  takes  place  with  dif- 
ferent velocities  in  different  directions  in  a  body,  the  wave-surface  is  some- 
times an  ellipsoid,  but  never  spherical,  as  la  shown  later;  such  a  body  is 
called  aninotrope. 

All  the  jihenomeua  of  optics  are  explained  upon  the  supposition  of  wavtB 
of  liyhty  whoso  change  of  direction  accompanies  refraction,  whose  interfer- 
ence pi-oduces  the  colored  bands  of  the  diffraction  spectra,  etc.  For  the 
^1^  discussion  of  the  subject  reference  must  be  made  to  works  on  <^tics. 
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Refraction. — A  ray  of  lijjlit  paesing  through  a  liomogeiieoiiB  medinin  is 
alwaye  propagated  in  a  straight  line  without  deviatimi.  Wlieii,  however, 
the  liglit-ray  passes  from  oiiu  iitediuiii  to  another,  which  is  of  different 
density,  it  auifers  a  change  of  dii'cutioti,  wliiclf  is  called  refraction.  For  in- 
stance, in  f.  373,  if  ca  is  a  ray  of  liglit  passing  from  air  into  water,  its  path 
will  be  changed  after  passing  the  snrfauc  at 
a,  and  it  will  continue  in  the  direction  ah. 
Conversely,  if  a  ray  of  light,  ba,  pass  fn)ra 
(he  denser  medium,  water,  into  the  rarer 
iuedium,  air,  at  a,  it  will  take  tlio  direction 
ac. 

If  now  nuw  is  a  perpendicular  to  the  sur- 
face at  a,  it  will  be  seen  tliat  tlie  angle  cain, 
vailed  the  angle  of  i/icidetuje  (i)  of  the  ray 
ca  is  greater  than  the  angle  bau,  called  the 
angle  of  nfra^tion  (r),  and  what  is  observed 
in  this  case  is  found  to  he  univereally  true, 
and  the  law  ie  expressed  as  follows : 

A   ray  of  liyht  in  ptiH8i,iig  from  a  rarer 
to  a  denser  medium  ia  nfriuited  towahos 
tKe  perpendicular ;  if  from  a  tidnser  to  a  rarer  medium  it  is  rtfracted 
'awat  f&o»  the  perpendicular. 

A  further  relation  has  also  been  established  by  experiment :  however 
great  or  small  ihe  anj^le  of  incidence,  cam  (t),  may  he,  there  is  always  a 
constant  relation  between  it  and  the  angle  of  refraction,  ^((W)  {r),  for  two 
jjiven  Bnbstances,  as  here  for  air  and  water.  This  is  seen  in  tlie  ligiiro  where 
af  and  da  are  the  sines  of  the  two  angles,  and  their  ratio  {=  ^  nearly)  is 
tlie  same  as  that  of  the  sine  of  any  other  angle  of  incidence  to  the  sine  of 
its  angle  of  refraction.     This  principle  is  cxpi-essed  as  follows: 

The  sine  of  the  angle  of  incidence  bears  a  cotistant  ratio  to  the  sine  of 
tite  angU  of  refraction. 

This  constant  ratio  between  these  two  angles  is  called  the  index  ofrefra^ 

tian,  or  simply  ti.     In  the  example  given  for  air  and  water  -: —  =  1.335, 

snd  consequently  the  value  of  the  index  of  refraction,  or  n,  is  1.335. 

The  following  table  includes  the  values  of  n  for  a  variety  of  substances. 
For  all  crystallized  minerals,  except  those  of  the  isometric  sysletn,  the  index 
of  refraction  has  more  than  one  value,  as  is  explained  in  ttic  pages  which 
follow. 


lee 1.30S 

Water 1.335 

Fluorite 1.430 

Alnm 1.457 

Chalcedony. 1,553 

Rock-salt 1.557 

Quartz 1.548 


Calcite 1.654 

Aragonite 1.6St3 

Boracite 1.701 

Garnet 1.815 

Zircon 1.061 

Blende 2.260 

Diamond 2.419 


Id  the  principle  which  has  been  stated,  -. —  =  n,  two  points  are  to  be 
'  sm  r         '  ' 
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noted.  First,  if  the  angle  i  =  0°,  then  sin  i  =  0,  and  obviously  also  r  =  0, 
in  other  words,  when  the  ray  of  light  coincides  with  the  perpendicular  no 
refraction  takes  place,  the  ray  proceeding  onward  into  the  second  medium 
without  deviation. 

Again,  if  the  angle  i  =  90°,  then  sin  i  =  1,  and  the  equation  above  be- 
comes -; —  =  w,  or  sin  r  =  —.    As  n  has  a  fixed  value  for  every  substance, 
sin  r  n 

it  is  obvious  that  there  will  also  be  a  corresponding  value  of  the  angle  r 
for  the  case  mentioned.     From  the  above  table  it  is  seen  that  for  water 

sin  r  =  ^— — ,  and  r  =  48°  35' ;  for  diamond,  sin  r  =  —---,  and  r  =  24°  25'. 
1.335  '  '         ^      2.42' 

In  the  example  employed  above,  if  the  angle  bav  (r)  =  48°  35',  the  line  ac 
will  coincide  with  af,  supposing  the  light  to  go  from  b  to  a.  If  r  is  greater 
than  48°  35',  the  ray  no  longer  passes  from  the  water  into  the  air,  but  suffera 
totcU  reflection  at  the  surface  a.  This  value  of  r  is  said  to  be  the  limiting 
value  for  the  given  substance.  The  smaller  it  is  the  greater  the  amount  or 
light  i-eflected,  and  the  gi*eater  the  apparent  brilliayicu  of  the  substance  in 
question.  This  is  the  explanation  of  the  brilliancv  or  the  diamond. 
•  Determination  of  the  ind^x  of  refraction. — By  means  of  a  prism,  as 

MN^P  in  f.  376,  it  is  possible  to  determine 
the  value  of  n,  or  index  of  refraction  of  a 
given  substance.  The  full  explanation  of 
this  snbject  belongs  to  works  on  optics,  but 
a  word  is  devoted  to  it  here.  If  the  material 
is  solid,  a  prism  must  be  cut  and  polished, 
with  its  edge  in  the  proper  direction,  and 
^d  having  not  too  small  an  angle.  If  the  refrac- 
tive index  of  a  liquid  is  required,  it  is  placed 
within  a  hollow  prism,  with  sides  of  plates  of  glass  having  both  surfaces 
parallel. 

The  angle  of  the  prism,  MN P  (a),  is,  in  each  case,  measured  in  the 
same  manner  as  the  angle  between  two  planes  of  a  crystal,  and  then  the 
minimum  amount  of  deviation  (S)  of  a  tn/jtiochromutic  ray  of  light  passing 
from  a  slit  throngh  the  prism  is  also  determined.  The  amount  of  deviation 
of  a  ray  in  passing  through  the  prism  varies  with  its  position,  but  when  the 
prism  is  so  placed  that  the  ray  makes  equal  angles  witli  the  sides  of  the 
prism  (i  =  i ,  f .  370),  both  when  entering  and  emerging,  tliis  deviation  has 
^flxed  7iiinim,um  value. 

If  S  =  the  minimum  deviation  of  the  ray,  and 

a  =  the  angle  of  the  prism,  then  n  = ^-tk — -> 

°  sin  io 

In  determining  the  value  of  n  for  difFerent  colors,  it  is  desirable  to  employ 
rays  of  known  position  in  the  spectrum. 

Double  refraction. — Hitherto  the  existence  of  only  one  refracted  ray  has 
been  assumed  when  light  passes  from  one  medium  to  another.  But  it  is 
a  well-known  fact  that  there  are  sometimes  two  refracted  rays.  The  most 
familiar  example  of  this  is  furnished  by  the  mineral  calcite,  also  called  on 
account  of  this  property  *'  doubly- refracting  spar." 

If  rnnoj)  (f.  377j  be  a  cleavage  piece  of  calcite,  and  a  ray  of  light  meets 
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St  at  J,  it  will,  in  passing   through,  be  divided    into   two  rays,  hCy  hd. 

Similarly  a  line  seen  through  a  piece  of  ealcite  ordi- 

siarily  appears  double.  877 

It  will  be  seen,  however,  that  the  same  property  is 
enjoyed  by  the  great  majority  of  (u-ystallized  minerals, 
tliough  in  a  less  striking  dcgive. 

Heflection, — When  a  ray  of  light  parses  from  one 
medium  to  another,  for  example,  from  air  to  a  denser 
substance,  as  has  been  illustnited,  the  light  will  be  ])ar- 
tially  transmitted  and  refmcted  by  the  latter,  in  the 
manner  illustrated,  but  a  portion  of  it  (the  ray  ag^  in  f.  375),  is  always 
j^flected  back  into  the  air.  The  direction  of  the  reflected  ray  is  known 
in  accordance  with  the  following  law : 

The  angles  of  itici'len<ie  atid  refiection  are  cqxud, — In  f.  378  the  angle 
cam,  is  equal  to  the  angle  iiiag. 

The  relative  amount  of  light  reflected  and  transmitted  depends  upon  the 
angle  of  incidence,  and  also  upon  the  transparency  of  the  second  medium. 
If  the  surface  of  the  latter  is  not  perfectly  polished,  diffuse  reflection  will 
take  pla€*A3,  and  there  will  be  no  distinct  reflected  ray. 

Still  another  important  principle,  in  relation  to  the  same  subject,  remains 
to  be  enunciated :  The  rays  of  incideiice^  reflection^  aiul  refraction  all  He 
in  the  same  plane. 

Dispersion. — Thus  far  the  change  in  directicm  which  a  ray  of  light  suffers 
on  refraction  has  alone  been  considered.  It  is  also  true  that  the  amount 
of  refraction  differs  for  the  different  coloi-s  of  which  ordinary  white  light 
is  composed,  being  greater  for  blue  than  for  red.  In  consequence  of  this 
fact,  if  a  ray  of  oinJinary  light  pass  through  a  prism,  as  in  f.  370,  it  will 
not  only  be  refracted,  but  it  will  also  be  separated  into  its  component  colore, 
dius  forming  the  spectrum. 

This  variation  for  the  different  colors  depends  directly  upon  their  wave- 
lengths; the  red  rays  have  longer  waves,  and  vibrate  more  slowly,  and 
hence  suffer  leas  refraction  than  the  violet  rays,  for  which  the  wave-lengths 
are  shorter  and  the  velocity  greater. 

Interference  of  light ;  di^raction. — When  a  ray  of  monochromatic  light 
is  made  to  pass  through  a  narrow  slit,  or  by  the  edge  of  an  opaque  body, 
it  is  diffroA^iedy  and  there  arise,  as  may  be  observed  upon  an  api)ropriately 

[)laced  screen,  a  series  of  dark  and  light  bands,  growing  fainter  on  tlie  outer 
imits.  Their  presence,  as  has  been  intimated,  is  explained  in  accordance 
with  the  undulatory  theory  of  light,  as  due  to  the  interference^  or  mutual 
reaction  of  the  adjoining  waves  of  light.  If  ordinary  light  is  enq^loyed, 
the  phenomena  are  the  same  and  for  tlic  same  causes,  except  that  the  l>ands 
are  successive  spectra.  Diffraction  gratings,  consisting  of  a  series  of  ex- 
tremely fine  lines  very  closely  ruled  upon  glass,  are  employed  for  the  same 
purpose  as  the  prism  to  produce  the  coloi'ed  spectrum.  The  familiar 
phenomena  of  the  coloi-s  of  thin  plates  and  of  Newton's  rings  de[>end  upon 
the  same  principle  of  the  interference  of  the  light  waves.  This  subject  is 
one  of  the  highest  imj)ortance  in  its  connection  with  the  optical  properties 
of  crystals,  since  the  phenomena  observed  when  they  are  viewed,  under 
certam  circumstances,  in  polarized  light  are  explained  in  an  analogous 
manner.    (Compare  the  colored  plate,  p.  144.) 
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Polarization  hy  reflection. — By  polarization  is  understood,  in  general, 
that  change  in  the  character  of  reflected  or  transmitted  light  which  dimin- 
ishes its  power  of  being  further  reflected  or  transmitted.  In  accordance 
with  the  undnlatory  theory  of  light  a  ray  of  polarized  light  is  one  whose 
vibrations  take  place  in  a  single  plane  only. 

Suppose  (f.  378)  ran  and  on  to  be  two  parallel  mirrors,  say  simple 

IKjlisned  pieces  of  black  glass ;  a  ray  of  light,  AB^ 
will  be  reflected  from  ran  in  the  direction  liC^ 
and  meeting  op^  will  be  again  reflected  to  D. 
When,  as  here,  the  two  mirrors  are  in  a  parallel 
position,  the  plane  of  reflection  is  clearly  the 
same  for  both,  the  angles  of  incidence  are  equal, 
and  the  rays  A  li  and  CD  are  parallel.  The  ray 
CD  is  pohirized^  although  this  does  not  show 
itself  to  the  eye  direct. 

Now  let  the  mirror,  op^  be  revolved  about  BC 
as  an  axis,  and  let  its  position  otherwise  be  un- 
changed, so  that  the  angles  of  incidence  still 
remain  equal,  it  will  be  found  that  the  reflected 
V  ray,  CD^  loses  more  and  more  of  its  brilliancy  as 
the  revolution  continues,  and  when  the  mirror, 
ops  occupies  a  position  at  right  angles  to  its 
former  position,  the  amount  of  light  reflected  will  be  a  minimum,  the 
planes  of  reflection  being  in  the  two  cases  perpendicular  to  one  another. 

If  the  revolution  of  the  mirror  be  continued  with  the  same  conditions  as 
before,  and  in  the  same  direction,  the  reflected  i*ay  will  become  brighter 
and  brighter  till  the  mirror  has  the  positi(»n  indicated  by  the  dotted  line, 
op\  when  the  planes  of  reflection  again  coincide,  and  the  reflected  ray,  CD\ 
is  equal  in  brilliancy  to  that  previously  obtained  for  the  position  CD, 

The  same  diminution  to  a  minimum  will  be  seen  if  the  revolution  is  con- 
tinued 90°  farther,  and  the  reflected  ray  again  becomes  as  brilliant  as  before 
when  the  mirror  resumes  its  fii-st  iK)sition  ov. 

In  the  above  description  it  was  assei-ted  that,  when  the  planes  of  inci- 
dence of  the  mirrors  were  at  right  angles  to  each  other,  the  amount  of  light 
reflected  would  be  less  than  in  any  otlier  position,  that  is  a  minimum.  For 
one  single  position  of  the  mirrors,  however,  as  they  thus  stand  perpendicular 
to  each  other,  that  is  for  one  single  value  of  the  angle  of  incidence,  the 
light  will  be  ]>ractically  extinguished,  and  no  reflected  ray  will  appear 
from  the  second  mirror. 

The  angle  of  incidence,  ABII^  for  this  case  is  called  the  angle  of  polar- 
ization^ and  its  value  varies  for  different  substances.  It  was  shown  further 
by  Brewster  that, : 

The  angU  of  polarization  is  that  angle  whose  tangent  is  the  index  of 
refraction  of  the  reflecting  substance^  i.e.,  tan  i=  n. 

Exactly  the  same  phases  of  change  would  have  been  observed  if  the 
upper  mirror  had  been  revolved  in  a  similar  manner.  The  first  mirror  is 
often  called  the  polarizer,  the  second  the  analyzer. 

This  change  which  the  light  suffers  in  this  case,  in  consequence  of  re- 
flection, is  cskiled  polarization. 
In  order  to  give  a  partial  explanation  of  this  phenomenon  and  to  make 
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the  same  subject  intelligible  as  applied  to  other  cases  in  which  polarization 
occurs,  reference  must  be  made  to  the  commonly  received  theory  of  tlie 
iiatni*e  of  light  already  defined. 

The  phenomena  of  light  are  explained,  as  has  been  stated,  on  the  assump- 
tion that  it  consists  oi  the  vibmtions  of  the  ether,  the  vibrations  being 
transverse,  that  is  in  a  plane  perpendicular,  to  the  direction  in  which  the 
liglit  is  pnipagatcd  These  vibrations  in  ordinary  light  take  place  in  all 
directions  in  this  plane  at  8enftil)ly  the  same  time ;  strictly  speaking,  the 
vibi'ations  are  considered  as  being  always  transverse,  but  their  directions 
are  constantly  and  instantaneously  clmngino;  in  azimuth.  Such  a  ray  of  light 
is  alike  on  all  sides  or  all  around  the  line  of  propagation,  AJS,  f.  374. 
A  rav  of  completely  polarized  light,  on  the  other  hand,  has  vibrations  in 
tjrie  direction  only,  that  is  in  a  single  plane. 

These  principles  may  be  applied  to  the  case  of  reflection  already  de- 
Bcribad.  The  ray  of  ordinary  liglit,  AB,  has  its  vibrations  sensibly  simul- 
taneous in  all  directions  in  the  plane  at  right  angles  to  its  line  of  propaga- 
tion, while  the  light  reflected  from  each  mirror  has  only  those  vibrations 
'vrhich  are  in  one  direction,  at  right  angles  to  the  plane  of  reflection — 
supposing  tliat  the  mirrors  are  so  placed  that  the  angle  of  incidence 
(Alill)  18  also  the  angle  of  polarization. 

If  the  mirror  occupy  the  position  represented  in  f.  37S,  the  ray  of  light, 
^O,  after  being  reflected  by  the  first  mirror,  rnti,  contains  that  part  of  the 
Vibrations  whose  direction  is  normal  to  its  plane  of  reflection  called  the 
■g^Uine  of  piphirizatuyn.  This  is  also  true  of  the  second  mirror,  and  when 
they  are  parallel  and  their  planes  of  reflection  coincide,  the  ray  of  light  is 
2-eflected  a  second  time  without  additional  change. 

If,  however,  the  second  mirror  is  revolved  in  the  way  described  (p.  126), 
and  less  of  the  light  will  be  reflected  by  it,  since  a  successively  smaller 
{>art  of  the  vibrations  of  the  ray  /?6'take  place  in  a  direction  normal  to 
-tUb  plane  of  reflection.  And  when  the  mirrors  are  at  right  angles  to  each 
otlier,  after  a  revolution  of  op  90°  about  the  line  B(J  \m^  an  axis,  no  part  of 
the  vibrations  of  the  ray  JiCnTQ  in  the  plane  at  right  angles  to  the  reflec- 
tion-plane of  the  second  mirror,  and  hence  the  light  is  extinguished. 

By  reference  to  f.  375  this  subject  may  be  explained  a  little  more  broadly. 
It  was  seen  that  of  the  ray  ea,  meeting  the  surface  of  the  water  at  a,  part  is 
reflectted  and  part  transmitted  in  accoi-dance  with  the  laws  of  reflection 
and  refraction.  It  has  been  shown  further  that  the  reflected  ray  is  polar- 
ized, that  is,  it  is  changed  so  that  the  vibrations  of  the  li'jht  take  place  in 
one  direction,  at  right  angles  to  the  plane  of  incidence.  It  is  also  true  that 
the  refracted  ray  is  polurizerl,  it  containing  only  those  vibrations  which 
were  lost  in  tlie  reflected  ray,  that  is,  those  which  coincuie  with  the  plane 
of  incidence  and  reflection. 

It  was  stated  that  the  vibrations  of  the  polarized  reflected  ray  take  place? 
(U  right  angles  to  the  plane  of  polarization.  This  is  the  assumption  whi(;h 
is  commonly  made ;  but  all  the  phenomena  of  polarization  can  be  equally 
well  explained  upon  the  other  supposition  that  they  coincide  with  this 
plane. 

The  separation  of  the  ray  of  ordinarj'  light  into  two  rays,  one  reflected 
the  other  refracted,  vibrating  at  right  angles  to  each  other,  takes  place  most 
completely  when  the  reflected  and  refracted  rays  are  90°  from  one  another, 
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flmt  ■■n'-!','Ji*  -i-!.;!-:.  ha.-  ;*n.-:.  -r:vr.-:;:'":T>i  »'.■]  r^.-frut-te-l  U  alway?  ut  leairt 
.1.  ..'.■-  ;j.!iir;/»>pl.  I:  w;;:  ':*:  T'-M'.y  ".'  i^r-:' •"!  fr-.iiith-s  fact  tfiat  wlii-ii  a 
:i:iii,  ^■■.-  .,t'  /  H—  ;'li»:if-  are  i>.:i.;»r'i  '■  ■■j:'-f'i.-:r.  :h>r  i:;rti;  wiiii-li  pa3?t»  tlmiu^h 
ri.i'i,  n  \-'..  ■'■  ■...■■Tf:  atA  ::.-'re  ■■■■:■..•/.':'.':'.}-  f"'lirizt«l  as  their  number  is 
,.,,.-..,.,■.;.  T:.'-  !■<  a  -(■■■•■-..■l  opi.ver.ieiic  mttii'-l  of  oiitaiiiiitg  pHiIarized 
l,'/!ir. 

I'.,l,,f',i.it',„r>  K'f  ui-ti'^  ■•/  f-unii'i/iii'  jJ-it'^. — The  {■henoniena  of  jiolar- 
:w''  ,'/ijt-  ri-,av  ill-.  i«i  :iii--wTi  Ky  ii.fans  '■!  tuiiniialine  plates.  If  fn>iii 
4  ■■:■  -Mi  '.f  r.p'irriMHnr-,  w!ii.-h  !>  sv,:x:i}-ly  CRiii^j.ian;iit.  Iwo  se<.-tic>ng  be 
■  .'.•4  .-'I.  r->n!i  i-nr  ].aritriL-l  ti>  the  vrnii/al  i\\U.  i:  wilt  l.e  fniiiid  that 
f'-.t-f.  v;ii  ri  [.ia<»-il  t'^^t: tiler  with  :\m  .i:ivi.Ti"ii  i-f  their  axes  oiii riding, 
»,  ..*-  '..ft  l^i/lif  T"^!  |i(fs  thiifiiijh.  If.  ii' >wi.-vt-r.  "lie  eectii'ii  is  revolved  upon 
t'w  •i-iii-r.  l*-'  aii'l  Ifss  of  tlie  lii.'ht  is  ti-aiii'iuittt.-il.  iiiitil.  when  their  axes  aru 
n'  ri/i.t  nii-y.f- <'.*•>  >  t"  eadi  nther.  tlie  H^'iit  isif-r  the  tin «t  mit)  extiii- 
■j.  -■..i-A.  A-  rln;  r«rv(,liitii.n  is  ctitiuueii,  iii"n'  and  iiiDre  light  is  obtained 
tt.i'.M'ii  »h»!  -('icrioii.t,  mid  aftt^r  a  revolution  of  1><''.  the  axes  being  again 
frfirviici,  fli«:  HjiiHiaratK*  i?  a*  at  tirst,  A  fnrther  revolution  (iTU'^)  briiiga 
til'-  !!{'"'  ;i"!iiri  Ht  riirht.  aiiirles  to  L-ui-h  other,  when  the  light  is  a  second  tiuae 
':T:,..-'i;-li-'l.  findr^.oi.  (.r-miJ.I. 

'Id':  ivxj.luriiiiioii  of  ther-e  j>]ieii'>iiieiia.  so  far  as  it  can  be  giren  here,  ia 
(irifilo^.Urt  to  that  eniploved  for  the  vase  of  polarization  by  re- 
Si's  lli'ittioii.       Kai'h   plate  so  affeet^  the   ray   t'f  light  that  after 
^t^     lijiviiiif  ])a:<7ii:d  throujrh  it  there  exist  vibiiitions  in  one  direction 
■     '.Illy,  and  that  piirallol  tu  the  vertiwil  axis,  the  other  vibratioiiB 
H      Ix-iiiirab-oriied.     If  now  the  tuo  j>lutes  are  placed  iu  the  same 
ll      jxoiiion,  f/W'-.  and  •■j]//i  ((.  3~'J\,  tlie  liglit  passes  thi-oiigh  both 
y      III  HiiirccsKidn.     If,  however,  the  one  is  turned  npon  the  other, 
I      only  that  portion  of  the  Uglit  can  pass  thiongh  which  vibrates 
if     otill  in  t)ie  dircctiiiij  ae.      This  portion  is  deterinined  bv  the 
ri'Hoiiiti'in  of  thif  existing   vibrations  in  accordance   witft  the 
1  of  forces.     Conseqnently,  when  the  sections 
Maud  at  right  anglex  t"  eai:h  other  (f.  880)  the  amount  of 
uiisniittcd  light  is  nothing  (nut  strictly  true),  that  is,  the 
rht  is  I'xiinguislied, 

tonririiiline  plates,  which  hare  been  described,  are 
■A  ill  pieces  of  cork  and  held  iu  a  kind  of  wire 
(f.  ;-iSl).  The  object  to  bo  examined  is  placed 
'-  thctn  and  snpjiorted  there  by  the  spring  in  the 
'n  Uhf  they  ai-e  held  close  to  the  eye,  and  ill 
viewed  in  cuiivtu-ijini)  polarized  light. 

,,  I'f  Xi'i-ol  jirimini. — The  most  convenient  method 

ling  jH.luiizi'd  ligiit  ia  by  means  of  a  jyiwl  prUm  of  calcite.    A 
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c1eav«ge  rhorobohedron  of  caleite  (the  variety  Icdand  apar  is  tmivereally 
used  in  ooDBeqiienue  of  ita  traiiBpareiiuj-)  ia  obtained,  having  fonr  large  and 
two  BOiall  rhomboUedral  faces  opposiu  eacli  other.     Iq  pUce  of  the  Utter 


planes  two  new  snrfacee  are  cnt,  making  angles  of  68°  (instead  of  71°)  with 

the  obtuse  vertical  edges ;  these  then  form  tlie  terminal  faces  of  the  prism. 

In  addition  to  this,  the  prism  is  cnt  throngli  in  the  direction  HII  (f.  3 '"' 

the  parta  then  poliahed  and  cemented  together  aj^ain  with 

Canada  balsam.     A  ray  of  light,  ab,  entering  tlie  prism 

is  divided  into  two  rays  polarized  at  riglit  angles  to  each 

(4her.     One  of  these,  be,  on  meeting  the  layer  of  balsam 

(whose  refi-active  index  is  greater  than   that  of  calcite) 

Kuffers  total  reflection  (p.  1*24),  and  is  deHectvd  against  the 

blackened  sides  of  the  prism  and  extingnished.     The  other 

passes  through  and  emerges  at  e,  a  eoinjiletely  jK>Iarized 

ray  of  li"ht,  tiiat  ia,  a  ray  with  vibrations  in  one  direction 

onlv,  anif  tliat  tlie  direction  of  the  shorter  diagonal  of  the 

prism  (f.  3;S3). 

It  ia  evident  that  two  Nicol  piisms  can  be  nsed  together 
til  the  same  way  as  the  two  tonrmaliiic  plates,  or  the  two 
inirn>rs;  one  is  called  the  iMilarhcr,  and  the  other  the 
arvUyzer.     The  plane  of  pdfiirizntion  of  tlie  Nicol  prisms     /    ".      , 
has  tlie  direction  PP  (f.  3S3}  at  right  angles  to  whioli  the  i'^^      J 

vibrations  of  the  light  take  place.     A  ray  of  light  pass-  I      ^ 

iiig  through  one  Nicol  will  be  extingnished  by  a  second  | 

Wiien  its  plane  of  polarization  is  at  right  anfjles  to  that  of  I 

the  firet  prism:  in  this  case  the  Nicols  are   said  to  be 
eroaged.    The  Nieol  prisms  have  tlie  great  advantage  over  the  tourmaline 
plates,   tliat  tlie  light  they  ti-ansniit   ia  uncolored  and   more  completely 
polarized. 

Either  a  tonrmaline  plate  or  a  Nicol  priam  S88 

may  also  be  used  in  connection  ANnth  a  reflecting 
mirror.  Tlie  light  reflected  by  snch  a  mirror 
vibrates  in  a  plane  at  right  angles  to  the  plane  of 
incidence  (plane  of  polarizarion) ;  that  trans- 
mitted by  the  Nicol  prism  vibrates  in  the  diree- 
tit'tn  of  the  shorter  diagonal  (f. '333^  Hence, 
when  the  plane  of  this  diagonal  is  at  right  angles 
to  the  plane  of  polarization  of  the  mirror,  the  re- 
flected ray  will  passtlirough  the  priam ;  bnt  when  the  two  planes  mentioned 
coincide,  the  planes  of  vibration  arc  at  right  angles  and  the  reflected  ray  is 
extinguished  oy  the  prism. 
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45  i*:c-^:  4r.i  :-::rr«:^Ted  br  Groth  (see 
L-c:%":rv^.  r-  lo»> .  The  ^ieol  prisms 
4j»r  i:  :"  i"  i  .".  a::d  ar^  so  mounted  as 
••  %i' :.':'.  z  a  :::•  t:- n  of  revolution  in- 
.;.,:■■  -r'  :->:.:  •.  f  :he  «:^:her  parts  of  the  in- 
si:r.:'::r":.  The  !er.<e  r  causes  the  ligrht 
fr  :::  ::>.*  or^:: r.arv  :iiirr\»r,  tf,  to  pass  as  a 
c-  :.r  ::".r  "rf:  the  pr ^ra  </.  and  the  lenses 
a:  ^.  v>  ::vor^  :he  liirht  njx»n  the  plate 
ti^  l»-  exATv.'i.evi  placed  at  L  The  other 
iev-^oi-  -a.-  vo  a..*t  as  a  weak  microscope, 
havir-  A  fx'A  vf  vision  of  130^  The 
—-^ — _^ szaje  'avv;  <■  ,0:1  rrving  the  object,  admits 

^ ^     .  f  a  h«  riz  'V.'.iii  rvvi  ihition.   The  distance 

Vtf rwt^^r.  t!:o  twi  •  lial vt-s  of  the  instrument 

:?  a'ij::s:«Hl  ^y  the  screws  m  and  «. 
V/ ;,«'.•:  ihit'i^IaI  l!{f}it  !•  r^qTiirod.  a  ^iiiiilar  instruinent  is  employed,  which 

r**  ,v/ /.<?*.':.''.  a  *\\fi*:r*t\A  arraTi^emenr  i»f  tho  lon?es,  as  shown  in  f.  386. 

'\ut'.  '/'//y-*'  f'/f  v.i,ir.)j  tijr-ie  instruments,  as  woll  as  the  tourmaline  plates, 

ikt^'.  *'Uif/,o''"A^  viil  \,i;  found  de=criV»od  in  the  follo^ving  pa^es.  • 

Di*'.  Si'-yA  itvirtfi':  Hr*',  often  ii?ed  as  an  apj^endage"  to  the  ordinaiy  com 

f/tfUhfj  tf/i"t'M^'/»iM:,  and  in  this  f«:>nn  are  important  as  enabling  us  to  examine 

y.ry  i/iirnjti;  ^jr.Rtaljj  in  jy^Iarized  light. 
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DISTINGUISHING    OPTICAL    CHARACTERS  OF    THE  CRYS- 
TALS  OF  THE  DIFFERENT  SYSTEMS. 

It  has  already  been  remarked  that  all  crystallized  minerals  group  tliem- 
Belves  into  thi-ce  grand  classes,  which  are  distinguished  by  their  physical 
properties,  as  well  as  their  geometrical  form : 

A.  iHoinefriCy  in  which  the  crystals  are  developed  alike  in  all  the  several 
axial  directions. 

Ji,  Isodiametric,  including  the  tetragonal  and  hexagonal  systems,  whose 
crystals  are  alike  in  the  dirct^tions  of  the  several  lateral  axes,  but  vertically 
the  development  is  unlike  that  laterally. 

C.  Anisom^frWy  embracing  the  three  remaining  systems,  where  the  crys- 
tals are  developed  in  the  three  axial  directions  dissimilarly. 

Between  these  olaases  there  are  many  cases  of  gradual  transition  in  crystalline  form,  and, 
nmilarly  and  necessarily,  in  optical  character.  The  line  between  uniaxial  and  biaxial 
dystals,  for  instance,  cannot  be  considered  a  very  sharply  defined  one. 


A.  Isometric  Crystals. 

GenercU  Optical  Character, 

All  isometric  crystals  arc  alike  in  this  respect  that  they  simply  refract, 
but  do  not  doxihly  refract  the  light  they  transmit.  They  are  optically 
ieotrcfpe.  This  follows  directly  from  the  symmetry  of  the  crystallization. 
In  the  language  of  Fresnel,  the  elasticity  of  the  light-ether  is  throughout 
them  the  same,  and  the  light  is  propagated  in  every  direction  with  the 
same  velocity.  There  is,  consequently,  but  one  value  of  the  index  of  refrac- 
tion. The  wave-surface  is  spherical.  This  class  also  includes  all  trans- 
parent amoi-phous  substances,  like  glass. 

Optiixzl  Ifivestiffation  of  Isometric  CrystaU, 

In  consequence  of  their  isotropic  character,  isometric  crystals  exhibit  no 
Bpecial  phenomena  in  polarized  liij^ht.  Sections  of  isometric  crystals  may 
be  always  recognized  as  such  by  tlie  fact  that  they  behave  as  an  amorphous 
substance  in  polarized  light ;  in  other  words,  when  the  Nicol  prisms  are 
croased  they  appear  dark,  and  a  revolution  of  the  section  in  any  plane  pro- 
duces no  chancre  in  appearance.  Similarly  they  appear  light  when  placed 
between  parallel  Nicois.     Some  anomalies  are  mentioned  on  p.  154. 

Isometric  crystals  have  but  a  single  index  of  refraction,  ana  that  may  be 
determined  in  the  way  described  by  means  of  a  prism  cut  with  its  edge  in 
any  direction  whatever. 

Crystals  of  the  second  and  third  classes  are  optically  anisotrope. 
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B.-  Uniaxial  Ceystals. 

General  Optical  Character. 

In  the  isodiametric  crystals,  those  of  the  tetragonal  and  hexagonal  sya» 
terns,  there  is  crystallographically  one  axial  direction,  that  of  the  vertical 
axis,  which  is  distinguished  from  the  other  lateral  directions  which  are 
among  themselves  alike.  So  also  the  optical  investigations  of  these  crystals 
show  that  with  reference  to  the  action  of  light  there  exists  a  similar  kind 
of  symmetry.  Light  is  propagated  in  the  direction  of  the  vertical  axis  with 
a  velocity  different  from  that  with  which  it  passes  in  any  other  direction, 
but  for  all  directions  at  right  angles  to  the  vertical  axis,  or  all  directions 
making  the  same  angle  with  it,  tne  velocity  of  propagation  is  the  same. 
In  other  words,  the  elasticity  of  the  ether  in  the  direction  of  the  vertical 
axis  is  either  greater  or  less  than  that  in  directions  normal  to  it  (analogous 
to  the  crystal lographical  relation  6  ^  a),  while  hi  the  latter  directions  it  is 
everywhere  alike. 

Optic  axis. — Let  a  ray  of  light  pass  tlirough 
the  crystal  in  the  direction  of  the  vertical  axis, 
aby  in  f.  386,  its  vibrations  mnst  take  place  in 
the  plane  at  right  angles  to  this  axis  ;  but  in  all 
directions  in  this  plane  the  elasticity  of  the  ether 
is  the  same,  hence  for  such  a  ray  the  crystal  must 
act  as  an  i60tn)pe  medium ;  and  the  ray  is  con- 
sequently not  doubly  refracted  and  not  polarized. 
This  direction  is  called  the  optic  axis.* 

Dovhle  refraction. — If,  on  the  other  hand,  the 
ray  of  light  passes  through  the  crystal  in  any  other  direction,  it  is  divided 
into  two  rays,  or  doubly  refracted  (see  f.  377),  and  this  in  conseauence  of 
the  difference  in  the  elasticity  of  the  ether  in  the  plane  in  which  t-ne  vibra- 
tions take  place.     Of  these  two  rays,  one  follows  the  law  of  ordinary 

I'ef  Inaction,  and  this  is  called  the  ordinary  ray  ;  the  other  does  not  conform - 

to  this  law,  and  is  called  the  extraordinary  ray.  Both  these  rays  are  pK>lar — 
ized,  and  in  planes  at  right  angles  to  each  other ;  the  vibrations  of  the^ 
extraordinary  ray  take  place  in  the  plane  passing  through  the  incident  raj 
and  vertical  axis,  called  the  principal  sectian^  those  of  the  ordinary  i-aj 
are  in  a  plane  at  right  angles  to  this. 

Wave-Hurfaee  of  the  ordinary  ray. — The  meaning  of  the  statement  tha-'^ 
the  ordinary  lay  follows  the  law  of  the  simple  refraction  is  this : — the  index" 
of  refraction  (w)  of  the  ordinary  ray  has  invariably  the  same  valne,  what- 
ever be  the  direction  in  which  the  light  passes  through  the  crystal ;  the 
amount  of  deviation  from  the  perpendicular  is  always  m  accordance  with 

the  law  - —  =  71  (ft)).     In  other  words,  the  ordinary  ray  is  propagated  in 
all  directions  in  the  medium  with  the  same  velocity  ;  and  hence  the  wave* 


*  It  will  be  understood  that  the  optic  axU  is  always  a  direction^  not  a  fixed  line  in  tts 

crystals. 
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flnrface  ia  that  of  a  ephere.     Moreover,  tlie  ordinary  ray  always  reinaiiiB  in 
the  plane  of  incidence. 

Wave-»urface  of  the  extraordinary  ray. — For  the  extraordinary  ray  the 
law  of  simple  refraction  does  not  Iiold  good.  If  ex[>criitients  be  Tiiade  tipoti 
any  uniaxial  crystal,  it  will  ho  fonnd  that  the  two  rays  arc  most  sepai-atcd 
when  (1)  the  light  falla  PEKPEsnicuLAK  to  the  vertical  axis.  As  its  iiiciina- 
tion  toward  the  axis  is  diminished,  the  extraordinary  ray  approaches  the 
ordinary  ray,  and  coincides  with  it  when  (3)  the  light  passes  through  par- 
allel to  the  vertical  axis.  The  index  <if  refraction  of  the  extra<irdinary  i-ay 
Tsries  in  value,'  being  most  nnlike  to  for  the  fti-at  case  snpiwsed  when  tlic 
vibrations  of  the  extmoi-dinary  ray  are  parallel  to  the  axis  (when  it  in 
called  e),  and  is  eqnal  to  w  for  the  second  case  su]>])osed.  The  vclncity  of 
this  ray  is  then  variable  in  a  corresponding  manner.  The  wavc-sHrfaee  of 
the  extraordinary  ray  is  an  eltijHkiid  of  i-otation.  Moreover  it  onlinai-ily 
does  not  remain  in  the  plane  of  ineidence. 

Two  cases  are  now  possible :  the  index  (<a)  of  the  ofdinary  ray  may  be  (1) 
greater  than  that  of  the  extraordinarj'  ray  (e),  in  which  caJMi  tlie  velocity  <if 
rhe  light  in  the  direction  of  the  vertical  axis  is  /<*««  than  that  in  any  other 
direction  ;  or  (2)  en  may  be  fcws  than  e,  and  in  this  case  the  velocity  <)f  pn> 
pagation  for  the  light  has  its  maxiimiin  parallel  to  the  vertical  axis.  The 
romiei'  are  called  negative,  the  latter  jHndtive  crystals.  The  fact  allnded 
to  here  shonld  be  noted  that  the  vahie  of  the  refractive  index  is  iuvoi-sely 
proportional  to  tlie  velocity  of  the  light,  or  elasticity  of  the  ether,  in  the 
given  direction. 

Ni'gative  iTystals ;  Wavesurfare. — Forcalcite  o)  =l'65i,  e  =  1'483,  it  is 
hence  one  of  the  class  of  negative  crystals.  The  former  value  (to)  belongs 
to  the  ray  vibrating  at  right  angles  to  the  vertical  axis,  and  the  latter  value 
(«)  to'tlie  ray  with  vibrations  parallel  to  the  axis.  Aa  has  been  stated,  the 
refractive  index  for  the  extraordinary  ray  incresises  from  l.iSS  to  l.CM,  as 
the  ray  becomes  more  and  more  nearly 
parallel  to  the  vertical  axis.     Fig.  3S7  illus-  ^^ 

trates  graphically  the  relation  between  the 
two  indices  of  refraction,  and  the  correspond- 
ing velo<;ities  of  the  rays  ;  ah  represents  the 
direction  of  the  vertical  axis,  that  is,  the  ujitic 
Also  ma,  inh  represent  the  velocity 
irresponJ- 


of  the  light  {>arallel  to  tliis  axis,  correspoi 
ing  to  the  greater  index  of  refraction  (l't>54). 
Toe  circle  described  with  this  radius  will 
represent  the  constant  velocity  of  the  ordi- 
nary  ray  in    any  direction   whatever.     JjCt 

further  md,  nu:  represent  tlie  velocity  of  the  extraordinary  ray  pa-isiiig  at 
right  angles  to  the  axis,  hence  corres]>oiKliiJg  to  the  ninalter  index  of 
refraction  (1*483).  The  ellipse,  whose  major  and  minor  axes  are  'Hi 
and  ab,  will  express  the  law  in  accordance  with  which  the  velocity  of  the 
extraordinary  ray  varies,  viz.,  greatest  in  the  direction  irul,  least  in  the 
direction  ah  in  which  it  coincides  with  the  ordinary  ray.  Foi"  any  inter- 
mediate direction,  hgrnt  the  velocity  will  be  expressed  by  the  length  of  the 
lioe,  Am. 
Kow  let  this  fignre  be  revolved  about  the  axis  oi ;  there  will  be  generated 
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a  circle  within  an  oblate  ellipsoid  of  rotation  (f.  388).     The  Biirface  of  the  ' 
sphere  ib  the  wave-surface  of  the  ordinary  ray, 
aiid  that  of  the  ellipsoid  of  the  extraordiiiary 
ray  ;  the  line  of  their  iutereectiuii  is  the  optic 

In  f.  377,  p.  125,  the  ray  of  light  is  shown 
divided  into  two  by  the  piece  of  calcite ;  of 
these,  bd,  which  tB  the  more  refracted,  ia  the 
ordiuary  ray,  and  cd,  which  is  less  refracted,  ia 
the  extraordinary  ray. 

Positive  crystals;  Wave^urfaoe.  —  For 
quartz  id  =  1548,  e=  1*558.  Tue  index  of 
refraction  for  the  ordinary  ray  (&>)  is  less  than  tliat  of  the  extraordinary  i-ay 
(«) ;  quartz  lience  belont^  to  the  class  of  positive  crystals.  The  value  of  « 
(r558)  for  Hie  extraoi-dinai-y  ray  coiTcsponds  to  tlie  direction  of  the  ray  at 
right  angles  to  the  vertical  axis,  when  its  vibrations  are  parallel  to  this  axis. 
As  the  direction  of  the  ray  changes  and  becomes  nioi-e  and  more  nearly  par- 
allel to  the  axis,  tho  vuluo  of  its  index  of  re- 
fraction decreases,  and  when  it  is  parallel  to  the 
latter,  it  has  the  value  1-548.  The  extraordin- 
ary ray  then  coincides  with  tlie  ordinary,  and 
there  is  no  donble  refraction;  this  is,  ae  be- 
fore, the  line  of  the  optic  axis.  The  law  for 
both  rays  can  he  repi^esented  grapliically  in 
tlie  same  way  as  for  negative  crystals.  In 
f.  389,  amb  is  the  direction  of  the  optic  axis; 
let  via,  mb  represent  tlio  velocity  of  the  ordin- 
ary ray,  which  corresponds  to  the  l^ast  I'e- 
frautive  index  (1'548),  the  circle  afbe  will 
express  the  law  for  this  ray,  viz.,  the  velocity 
the  same  in  every  dii-ectiuu.  Moreover,  let 
md,  mv  repi-esent  tho  vel'>city  of  the  extraor- 
dinary- ray,  at  right  angles  to  the  axis,  which  corresponds  to  tlie  roaximuni 
refractive  index  {1-558) ;  the  ellipse,  ailbo,  will  express  tlie  law  for  velocity 
of  the  extraordinary  ray,  viz ,  least  in  the  direction  }nd,  and  greatest  in  the 
direction  ab,  when  it  is  equal  to  that  of  the  ordinary  ray,  and  varying 
nniformly  between  these  limits.  If  the  figure  be  revolved  as  before,  mere 
will  be  generated  a  sphere,  whose  surface  is  the  wave-surface  of  the  ordin- 
ary ray,  and  initAin  it  a  prolate  ellipsoid  whose  surface  represents  the 
wave-surface  of  the  extraordinary  ray. 
The  following  list  hicludcs  examples  of  both  classes  of  nuiaxial  crystals: 

Negative  crystals  (— ),  Positive  crystah  (-t-), 
Caloite,  Quartz, 

Tourmaline,  Zircon, 

Corundum,  Hematite, 

Beryl,  Apophyllite, 

Apatite.  Cassiterite. 

It  may  be  remarked  tliat  in  some  species  both  +  and  —  varieties  have 
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been  observed.  Certain  crystals  of  apophyllite  are  positive  for  one 
end  of  tlie  spectrum  and  negative  for  the  other,  and  consequently  for  some 
color  between  the  two  exti*emes  it  has  no  double  refraction. 

These  principles  make  the  explanation  of  the  use  of  tourmaline  plates  and  calcite  prisms 
u  polarizing  instruments  (p.  128)  more  intelligible. 

The  two  rays  into  which  the  single  raj  is  divided  on  passing  through  a  uniaxial  crystal  are, 
as  has  been  said,  both  polarized,  the  ordinary  ray  in  a  plane  passing  through  the  vertical 
uds  and  the  extraordinary  ray  perpendicular  to  this.  In  a  tourmaline  plate  of  the  proper 
thickness,  out  parallel  to  the  axis  c,  the  ordinary  ray  is  absorbed  (for  the  most  part)  and  the 
extraordinaiy  ray  alone  passes  through,  having  its  vibrations  in  the  direction  of  the  vertical 


In  the  calcite  prism,  of  the  two  refracted  and  polarized  rays,  the  ordinary  ray  is  disposed  of 
ftrtificially  in  the  manner  mentioned  (p.  129),  and  the  extraordinary  ray  alone  passes  through, 
▼ibrating  as  already  remarked,  in  the  direction  of  the  axis  c,  or,  in  other  words,  of  the 
•hoitcr  diagonal  of  the  Nicol  prism. 

The  relation  of  these  phenomena  to  the  molecular  structure  of  the  crystal  is  well  shown 
by  the  eflfect  of  pressure  upon  a  parollelopiped  of  gl.-iss  Gloss,  normally,  exhibits  no  colored 
phenomena  in  polarized  light,  since  the  elasticity  of  the  ether  is  the  same  in  all  directions. 
mud  there  is  hence  no  double  refraction.  But  if  the  block  be  placed  under  pressure,  exerted 
on  two  opposite  faces,  the  conditions  arc  obviously  changed,  the  density  is  the  same  in  the 
both  lateral  directions  but  differs  from  that  in  the  direction  of  the  axis  of  pressure.  The  sym* 
metzy  in  molecular  structure  becomes  that  of  a  uniaxial  crystal,  and,  as  would  be  expected, 
on  placing  the  block  in  the  polariscope,  a  black  cross  with  it.'t  colore<l  rings  is  observed,  exactly 
as  with  calcite.  Similarly  when  glass  has  been  suddenly  and  unevenly  cooled  its  molecular 
structure  is  not  homo^eneooH,  and  it  will  be  found  to  polarize  light,  although  the  phenomena, 
Cor  obvious  reasons,  will  not  have  the  regularity  of  the  case  described. 

It  may  be  added  here  that  recent  investigations  by  Mr.  John  Kerr  have  shown  that  electri- 
ottj  calls  out  birefringent  phenomena  in  a  block  of  glass.    (Phil.  Mag.,  1.,  337.) 


Optical  Investigation  of  Uniaxial  Crystals. 

Sections  not^mal  or  parallel  to  the  axis  in  polarized  light. — Siii)ix)8e  a 
eection  to  be  cut  ])erpendiciilar  to  the  vertical  axis  (axial  section),  it  has 
already  been  shown  that  a  ray  of  lii^ht  pat>8ing  tlin>Uiijh  the  crystal  in  this 
direction  suffers  no  change,  consequently,  such  a  section  examined  in 
paralld  polarized  light,  in  the  instrunient  (f.  383),  appears  as  a  section  of 
«u  isometric  crystal. 

If  the  same  section  be  placed  in  the  other  instrument  (f.  3S4,  p.  130), 
arranged  for  viewing  tlie  object  in  converging  light,  or  in  the  tournialine 
tongs,  a  beautiful  phenomenon  is  observed  ;  a  symmetrical  black  cross — 
when  the  Nicols  or  tourmaline  plates  are  crossed — with  a  series  of  concentric 
rings,  dark  and  light,  in  monochromatic  light,  but  in  white  light,  showing 
the  prismatic  colors  m  succession  in  each  ring.  This  is  shown  without  the 
colors  in  f.  390,  the  arrangement  of  the  colors  in  the  elliptical  rings  of  the 
plate  opposite  P^S^  ^^  is  similar. 

This  cross  becomes  white  when  the  Nicols  or  tourmalines  are-  in  a  par- 
allel ()Osition,  and  each  band  of  color  in  white  light  changes  to  its  comple- 
mentary tint  (f.  391).  These  interference  figures  are  seen*  in  this  form 
only  in  a  plate  cut  perpendicular  to  the  vertical  axis,  and  marks  the  uni- 
axial  character  of  the  crystal. 

The  explanation  of  this  phenomenon  can  be  only  hinted  at  in  this  place. 


*  Uniaxial  crystals  which  produce  circular  polarization  exhibit  interference  figures  which 
differ  somewhat  from  those  described.     Some  anomalies  are  mentioned  on  p.  15£ 


13d  PHYSICAL   CBAKACTTSBS   OF  KCREUJJ. 

All  the  rays  of  light,  whose  vibrations  coincide  with  the  vibration-planes 
of  eitlier  of  the  crossed  Nicols,  must  neccBsarily  be  extinguished.  Thia 
gives  rise  to  the  black  croea  in  the  centre,  with  its  arms  in  the  dii-ectiou  of 
the  plftiies  mentioned.  All  other  rays  passing  tlirongh  the  given  plate 
obliquely  will  be  doubly  refracted,  and  after  passing  tlironeh  the  aecond 
Nicol,  tnuB  being  referred   to  the  same  plane  of   polarizacion,  they  will 


interfere,  and  will  give  rise  to  a  series  of  concentric  rings,  light  and  dark 
in  homogeneous  lignt,  but  in  ordinary  liglit  showing  the  successive  colors  of 
thespectrnni.  In  regard  to  the  interference  of  polarized  raja,  the  fact  muBt 
be  stated  that  that  can  take  place  only  when  they  vibrate  in  the  same  plane  ; 
two  rays  vibrating  at  right  angles  to  each  other  cannot  interfere.  These 
interference  phenomena  are  similar  to  the  successive  spectra  obtained  by 
diffi'action  gratings  alluded  to  on  p.  125,  It  is  evident  that,  in  order  to 
observe  the  phenomena  most  advaTitageously,  the  plate  must  have  a  suitable 
tliickness,  whicli,  however,  varies  with  the  refractive  index  of  the  substance. 
The  thicker  the  plate  the  smaller  the  rings  and  the  more  they  are  crowded 
K^ther ;  when  the  thickness  is  considerable,  only  the  black  brushes  are 

Section  paraUel  {or  iiltarply  indin&t)  to  the  axis. — If  a  section  of  a  uni- 
axial cry'stal,  cut  parallel  or  inclined  to  the  vertical  axis,  be  examined  in 
parallel  polarized  light,  it  will,  when  its  axis  coincides  with  the  direction 
of  vibration  of  one  of  the  Nicol  prisma,  appear  dark  when  the  prisms  are 
ci'osscd.  If,  however,  it  be  revolved  horizonlally  on  tlie  stage  of  the  polari- 
scope  {I,  I,  f.  3S4)  it  will  appear  alternately  dark  and  light  at  intervals  of  46°, 
■  dark  under  the  conditions  mentioned  above,  otherwise  more  or  less  light,  the 
maximum  of  light  being  obtained  when  the  axis  of  the  secti<m  makes  an 
angle  of  45'  with  the  plane  of  the  Nicoi.  Between  parallel  Nicols  the 
phenomena  are  the  same  except  that  the  light  and  darkness  are  reversed. 
When  the  plate  is  not  too  thick  the  polarized  ray,  after  passing  the  upper 
Nicol,  will  interfere,  and  in  white  light,  tlio  plate  will  show  bright  colon, 
which  change  as  one  of  the  Nicols  or  the  plate  is  revolved. 

Examined  in  converging  light,  similar  sections,  when  very  thin,  show  in 
white  light  a  series  of  parallel  colored  bands. 

Determination  of  the  indices  of  refraction  u  and  e, — One  prism  trill 


OPnOAL  0HABA0TEB8  OF   UNIAXIAL  GBTBTAI^.  137 

Bnffice  for  the  determination  of  both  indices  of  refraction,  and  its  edge  may 
be  either  parallel  or  perpendicular  to  the  vertical  axis. 

{a)  If  parallel  to  the  vertical  axis,  the  ai»gle  of  minimum  deviation  for 
each  ray  in  succession  must  be  measured.  The  extraordinary  ray  vibrates 
parallel  to,  and  the  ordinary  ray  at  right  angles  to,  the  dii-ection  of  the  edge 
of  the  prism.  For  convenience  it  is  better  to  isolate  each  of  the  rays  m 
succession,  which  is  done  with  a  single  Nicol  prism.  If  this  is  held  before 
the  observing  telescope  with  its  shorter  diagonal  parallel  to  the  refracting 
edge  of  the  prism,  the  ordinary  ray  will  be  extinguished  and  the  image  of 
the  slit  observed  will  be  that  due  to  the  extraordinary  ray.  If  held  with  its 
plane  of  vibration  at  right  angles  to  the  prismatic  edge,  the  extraordinary 
i-ay  will  be  extinguished  and  the  other  alone  observed.  From  tlie  single 
olierved  angle,  for  the  given  color,  the  index  of  refraction  can  be  calculated, 
01  or  €,  by  the  formula  given  on  p.  124,  the  angle  of  the  prism  being  known. 

(5)  If  the  refracting  edge  or  the  prism  is  perpendicular  to  the  vertical 
axis  of  the  crystal,  the  same  procedure  is  necessary,  only  in  this  case  the 
ordinary  ray  will  vibrate  parallel  to  the  prismatic  edge,  and  the  extraordi- 
nary ray  at  right  angles  to  it  The  two  rays  are  distinguished,  as  before,  by 
a  ^icol  prism. 

Determhiatwn  of  the  positive  or  negative  character  of  the  dovhle  refraty 
tian. — The  most  obvious  way  of  determining  the  character  of  the  double 
refraction  (a>  >  e  or  o  >  e)  is  to  measure  the  indices  of  refraction  in  accord- 
ance with  the  principles  explained  in  the  preceding  paragraphs.  It  is  not 
always  possible,  however,  to  obtain  a  prism  suitable  for  this  purpose,  and  in 
any  case  it  is  convenient  to  have  a  more  simple  method  of  accomplishing 
the  result. 

•To  do  this,  use  may  be  made  of  a  very  simple  principle  : — the  +  or  — 
character  of  a  given  crystal  is  determined  by  observing  the  effect  produced 
when  an  axial  section  from  it  is  combined  in  tlie  polariscope  with  that  of  a 
crystal  of  known  character. 

For  instance,  calcite  is  negative,  and  if  it  be  placed  in  conjunction  with 
the  section  of  a  positive  crystal,  the  whole  effect  observed  is  the  same  as  that 
which  would  be  produced  if  the  original  plate  were  diminished  in  thickness, 
while,  if  combined  with  a  negative  crystal,  it  is  as  if  the  plate  were  made 
thicker.  It  has  already  been  remarked  that,  as  the  axial  plate  of  a  crystal 
increases  in  thickness,  the  number  of  rings  visible  in  the  field  of  the  polari- 
scope increases,  and  they  become  more  crowded  together ;  but,  if  the  section 
is  made  thinner,  the  successive  rings  widen  out  and  become  less  numerous. 
One  or  the  other  of  these  effects  is  pioduced  by  the  use  of  the  intervening 
section. 

Ill  the  case  of  uniaxial  crystals,  however,  the  method  which  is  practically 
roust  simple  is  that  suggested  by  Dove — the  use  of  an  axial  plate  of  mica  of 
a  certain  thickness.  The  section  required  is  a  cleavage  piece  of  such  a 
thickness  that  the  two  rays  in  passing  through  suffer  a  difference  of  phase 
which  is  equal  to  a  quarter  wave-length,  or  an  odd  multiple  of  this. 

Suppose  that  the  section  of  the  crystal  to  be  examined,  cut  ])erpendicular 
to  the  axis,  is  brought  between  the  crossed  Nicols  in  the  ])olariscope ;  the 
black  cross  and  the  concentric  colored  rings  are  of  coui^se  visible.  Let  now, 
while  the  given  secti<m  occupies  this  positit>n,  the  mica  plate  be  placed  upon 
it,  with  the  plane  of  its  optic  axes  (determined  beforehand,  and  the  direction 
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marked  hy  a  line  for  convenience)  making  an  an^le  of  45°  with  the  vibra- 
tion-planes of  the  Xicols ;  the  black  cross  disappears  and  there  remain  only 
two  diag'tiially  situated  dark  spdts  in  the  place  of  It.  Moreover,  the  colorell 
fiunes  ill  the  two  (jiiadranta  with  these  spots  are  pnshed  farther  away  from 
the  centre  than  the  others.  The  effect  produced  is  represented  in  f.  392 
and  f.  aas.    If  tlie  line  joining  these  two  dark  spots  stands  at  right  angles 


to  the  axial  plane  of  the  mica,  the  crystal  is  positive  (f-  392),  if  this  line 
voiiicidcH  vrMi  the  axial  jilane,  tlie  crystal  is  negative  (f.  393),  The  explana- 
tion of  this  lifTci-t  is  not  so  simple  as  to  allow  of  being  introduced  here ;  the 
cff<!L-t  of  the  mica  is  to  produce  circular  polarization  of  tlie  light  which  it 

traiiBiiiits. 

With  buth  nnjuxinl  and  biuial  cijBtala  the  atodent  will  find  it  of  great  andatanoe  alwaja 
to  have  at  his  side  a  i;ood  section  of  a  positive  and  a  aegative  ciystkl.  By  comparing  tin 
lAoDomena  otiaerved  in  the  aeition  under  examination  with  those  shown  b;  ciTatals  of  known 
oharacter,  he  will  ofteii  be  aared  much  perplezitj. 

For  tlie  investigation  of  the  absorption  phenomena  of  nniazial  ctYBtale 
see  p.  161. 

ClBOULAB    Poi-AKIZATIOTT, 

In  what  has  been  said  of  polarized  li^^ht,  in  the  preceding  p^es,  it  has 
been  assumed  that  a  polarized  ray  was  one  whose  vibrations  took  place  in 
ft  sin^rle  plane,  so  that  the  plane  of  ptilarization  at  ri^ht  angles  to  this  was  ft 
fixed  plane.  Sucii  a  ray  is  said  to  be  linearly  polarized.  There  are  some 
uniaxial  ci-ystala,  liowever,  which  have  the  power  to  rotate  the  plane  of  polari- 
zation ;  the  ray  is  said  to  be  circularly  polarized.  They  manifest  this  in  the 
phenomena  observed  when  an  axial  section  \i  examined  in  the  polariscope. 

An  axial  section  of  a  uniaxial  crystal  normally  exhibits,  in  converging 

r>larized  light,  a  black  cross  with  a  series  of  concentric  colored  circles, 
390,  p.  136.  If,  however,  a  section  of  quartz  be  cut  perpendicular  to  the 
axis  and  viewed  between  tlie  crossed  Nicols,  the  phenomena  observed  are 
different  from  these: — the  central  portion  of  the  black  cross  has  disap- 
peared, and  instead,  the  space  within  the  inner  ring  is  brilliantly  colored. 
Furthermore,  when  the  analyzing  Kicol  is  revolved,  this  color  changes 
from  blue   to  yellow  to  red,  and   it  is  found   that  iu  some  cases  wis 
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change  is  produced  by  revolving  the  Nicol  to  the  rights  and  in  other  cases 
to  the  left.  To  distinguish  between  these  the  first  are  called  right-handed 
rotating  crystals,  and  the  others  left-handed.  The  relations  here  involved 
will  be  better  understood  if  the  quartz  section  is  viewed  in  parallel  mono- 
chromatic light.  Under  these  circumstances  a  similar  plate  of  calcite 
appears  dark  when  the  Nicols  are  crossed,  but  with  quartz  the  maximum 
darkness  is  only  obtained  when  the  analyzer  has  been  levolvcd  beyond  its 
first  position  a  certain  angle ;  this  angle  iucreasin<ij  with  the  thickness  of 
the  section,  and  also  varying  with  the  color  of  the  light  employed. 

For  a  section  1  mm.  thick  in  red  light,  a  rotation  of  the  analyzer  of  19° 
is  required  to  produce  the  maximum  darkness.  For  yellow  light  the 
rotation  is  24®  with  a  plate  of  the  same  thickness ;  with  l)lue,  32°,  and  so  on. 
The  rotation  of  the  analyzer  with  some  crystals  is  to  the  right,  with  others 
to  the  left. 

The  explanation  of  these  facts  lies  in  the  fact  stated  above,  that  the 
quartz  rotates  the  plane  of  vibration  of  the  polarized  light,  and  the  angle  of 
rotation  is  different  for  jays  of  different  wave-lengths.  Further'nore,  this 
rotation  of  the  plane  of  vibration  results  from  the  fact  that  in  quartz,  even 
in  the  direction  of  its  axis,  dou])le  refraction  takes  place.  The  oscillations 
of  the  particles  of  ether  take  place  not  in  straight  lines  but  in  circles,  and 
they  move  in  opposite  directions  for  the  two  rays,  ordinary  and  extraor- 
dinarv. 

An  axial  section  of  a  quai'tz  crystal  can  never  appear  dark  between 
crossed  Nicols  in  ordinary  light,  since  there  is  no  point  at  which  all  the 
colors  are  extinguished ;  on  the  contrary,  it  appeai-s  highly  colored.  The 
color  depends  upon  the  thickness  of  the  section,  and  is  the  same  as  that 
observed  in  the  centres  of  the  rings  in  converging  polarized  light.  If  sec- 
tions of  a  right-handed  and  left-lianded  crystal  are  placed  together  in  the 
polariscope,  tiie  centre  of  the  interference  figure  is  occupied  with  a  four- 
rayed  spiral  curve,  called  from  the  discoverer  Airy's  spiral.  Twins  of 
quartz  crystals  are  not  uncommon,  consisting  of  the  combination  of  right- 
and  left-handed  individual,  which  sometimes  show  the  spirals  of  Airy. 

It  is  a  remarkable  fact,  discovered  by  Ilei-schel,  that  the  right-  or  left 
handed  optical  character  of  quartz  is  often  indicated  by  the  position  of  the 
traj)ezohedi*al  planes  on  the  crystals.  When  a  given  trapezohedral  plane 
appears  as  a  modification  of  the  prism,  to  the  right  above  and  left  below, 
the  crystal  is  optically  right-liamled  ;  if  to  the  left  above  and  right  below, 
the  crystal  is  lejt-fyincle  L  In  f .  394  the  plane  is,  as  last  remarked,  left  above 
and  right  below,  and  the  crystal  is  hence  left-handed.  Cinnabar  has  been 
shown  by  Des  Cloizeaux  to  possess  the  same  property  as  quartz;  and  this  is 
trne  also  of  some  artificial  salts,  also  solutions  ot  sugar,  etc. 

Ill  twins  of  quartz,  the  component  parts  may  be  both  right-handed  or 
both  left-handed  (as  in  those  ot  Dauphiny  and  the  Swiss  Alps) ;  or  one  may 
l)e  of  one  kind  and  the  other  of  the  other.  Moreover,  successive  layei*s  of 
deposition  (made  as  the  crystal  went  on  enlarging,  and  often  exceedingly 
tiling  are  sometimes  alternately  right-  and  left-handed,  showing  a  constant 
ciBcillatioQ  of  polarity  in  the  course  of  its  formation  ;  and,  when  this  is  the 
case,  and  the  layers  are  regular^  cross-sections,  examined  by  polarized  light, 
exhibit  a  division,  more  or  less  perfect,  into  sectors  of  120°,  parallel  to  the 
plane  R^  or  into  sectors  of  6o°.     If  the  layers  are  of  unequal  thickness, 
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there  are  broad  areas  of  colore  withont  sectore.     In  f.  395  (by  Dea  Cloizeaiix, 
from  a  crystal  from  the  Dept.  of  the  Aode),  half  of  each  sector  of  OO"  is 


right-handed,  and  the  other  half  left  (as  shown  by  the  arrows),  and  the  dark 
radii  are  neutral  bands  produced  by  the  overlapping  of  layers  of  the  two 
kinds.  These  overlapping  portions  often  exhibit  the  pheuouienou  of  Airy's 
spiral. 

C.  Biaxial  Cbystals, 

General  Optical  Character, 

As  in  the  crystalline  systems,  thus  far  cotipidered,  so  also  in  the  anisome- 
trie  aysteins,  the  orthorhombic,  moiinclinic,  and  triclinic,  there  is  a  strict  corre- 
spondence  between  the  molecular  atructnre,ae  exhibited  in  the  geometricai 
form  of  the  crystals,and  their  optical  properties.  In  the  cryBtala  of  these 
systems  there  is  no  longer  one  axis  around  about  which  the  elasticity  of  the 
light-etiier,  that  is,  the  velocity  of  the  light,  is  evei-ywhere  alike.  On  the 
contrary,  the  relations  are  much  less  simple,  and  less  easy  to  comprehend. 
There  are  two  directions  in  which  the  tight  passi'S  through  the  crystal 
withont  double  refraction — these  are  called  the  ojtiic  oxen,  and  hence  the 
crystals  are  biaxial — but  in  everv  other  direction  a  ray  of  ligiit  is  separated 
into  two  rays,  polarized  at  right  angles  to 
^  each  other.     Neither  of  these  conforms  t<t 

the  law  of  simple  refraction.  The  subject 
was  first  developed  theoretically  by  Fresnel, 
and  his  conclusions  have  since  l>een  fully 
verified  by  experimeut. 

Axes  of  elasticity. — In  regard  to  the 
elasticity  of  the  ether  in  a  biaxial  crj-stal 
there  are  (1)  a  maximum  value,  i^i)  a 
minimum  value,  and  (3)  a  mean  value,  and 
these  values  in  the  crystal  are  foond  in 
directions  at  right  angles  to  each  otlier. 
In  f,  396,  CC  represents  the  axis  (t)  of  least  elasticity,  AA'  of  greatest 
elasticity  (a),  and  BB'  of  mean  elasticity  (ti).     A  ray  passing  in  Uie  direu* 
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tioii  CC  vibrates  in  a  plane  at  n'glit  aiiglcB,  that  ia,  parallel  to  BB'  and 
_4j4'.  Similarly  for  the  ray  BB'  the  vibrations  are  parallel  to  AA'  and 
(!V\  and  for  the  ray  AA'  parallel  to  BB'  and  VC  Between  these 
extreme  values  of  the  axes  of  ela8ticit\',  the  ulnsticity  varies  according  to  a 
regular  law,  as  will  be  seen  in  the  following  dtsenssion,  Tlie  form  of  the 
■wave-snrface  for  a  biaxial  crystal  may  be  determined  by  fixing  its  form 
for  the  planes  of  the  axes  a,  b,  and  c. 

Wave-aurfcux. — First  consider  the  case  of  rays  in  tlie  plane  of  the  axes 
BB'  and  6'6"  (f.  3071.  A  ray  pass- 
ing in  the  direction  OC  is  scimrated 
into  two  seta  of  vibi-atioiis,  one  paral- 
lel to  AA\  corresjKniding  to  the 
greatest  elasticity,  moving  more 
rapidly  tlian  the  other  set,  parallel 
to  BB',  which  correspond  to  the 
mean  elasticity.  The  velocity  of  the 
two  sets  of  vibratiuns  are  niailo  pro- 
portional to  the  IcngtliB  of  the  lines 
WH,  and  mo  respectively,  in  f.  397. 
Again,  for  a  ray  in  the  same  plane, 
parallel  to  BI^.  the  vibrations  are 
(1)  parallel  to  AA',  and  propagated 
faster  (greatest  elasticity^  than  the 
other  set ;  (2)  parallel  to  VC  (least 
elasticity).  Again,  in  f.  397,  on  the 
line  U(J',  »ift ",  and  m^'  are  made 

Iiroportional  to  these  two  velocities; 
lei-e  inn  =  mn",  and  for  a  ray  in  the 
same  plane  in  any  other  direction,  there  will  be  one  sot  of  vibrations 
[Hu-allcl  to  AA',  with  the  same  velocity  as  before,  and  another  set  at  right 
angles  with  a  velocity  between  mo  and  mq",  detcnnincd  by  the  ellipse 
whose  seini-axes  are  proportional  to  the 
mean  and  greatest  axes  <>f  elasticity.  808 

Fig.  397  then  reiirescnta  the  section  of 
the  wave-snrface  tiii-ough  the  axes  t'V 
and  BB'.  The  circle  ««"  shows  the 
constant  velocity  for  all  vibrations  pui*- 
ailel  to  AA',  an^  the  ellipse  the  variable 
valnes  of  the  velocity  for  the  other  set  of 
vibi'ations  at  right  angles  to  the  lii-st. 

Again,  for  a  ray  in  the  plane  AA', 
BB ,  the  method  of  the  construction 
is  similar.  The  vibrations  will  in  every 
case  take  place  in  the  plane  at  right 
angles  to  the  direction  of  the  ray,  which 
plane  must  always  pass  through  the  axis 
CC"  of  least  elasticity.  Hence  for  every 
direction  of  the  ray  in  tlio  plane  men- 
tioned, one  set  of  vibrations  will  always 
be  parallel  to  6'6",  and  hence   be   pixipagated  witli  a   constant  velocity 
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(=  mrt',  f.  398),  and  lience  this  is  expressed  by  the  circle  oo'.  The  other  set 
of  vibrations  Mill  he  at  right  angles  to  CC ,  and  the  velocity  with  which 
they  are  pro]>agated  will  varv  according  as  they  are  parallel  to  AA' 
(=  mn,  f.  398),  or  parallel  to  iiR  (=  mq ),  ur  some  intermediate  value  for 
an  intermediate  position.  The  section  of  the  wave-surface  is  consequently 
a  circle  within  an  ellipse. 

Finally,  let  the  ray  pass  in  some  direction  in  the  plane  CO',  AA',oi  least  and 
greatest  elasticity,  Uie  section  of  the  wave-surface  is  also  a  circle  and  ellif)se. 
Suppose  the  ray  itasscs  in  the  direeiiun 
parallel  to  AA\  ttie  vibrations  will  be 
(1)  parallel  to  CC,  and  (2)  parallel  to 
BB\  those  (1)  parallel  to  VC  (lewst  axis 
of  elasticity)  are  pivpagated  more  slowly 
than  those  (2)  parallel  to  Bl^  (axis  o'f 
mean  elasticity).  In  f.  399,  on  the  line 
AA' ,  lay  off  wiw'  and  mj'  proportional  to 
these  two  values. 

Again,  ftir  a  ray  parallel  to  CC  the 

vibrations  will  take  place  (1)  parallel  to 

AA',  and  ("J)  parallel  to  BB',  the  former 

will  be  pnipagated  with  greater  veKrcity 

than  those  latter.     These  two  values  of 

the  velocity  in   the   direction    VC   are 

represented  by  mn"  and  ntq"  U=  nuj'). 

.  ,  For  any  intermediate  |K«ition  of  the  my 

1  in  the  same  plane  there  will  always  be 

one  set  of   vibrations  parallel   to  BB' 

-  "■?">  ^-  3^9j  hence  the  circle).     The  other  set  at  right  angles  to  these 

will  be  propagated  with  a  velocity  va- 

*W*  rving  according  to  the  direction,  innn 

tliat  corres[ionijing  to  the   least  axis 

of  elasticity  (represented  by  mo',  f .  399), 

to  that  of  the  greatest  axis  of  elasticity 

(m«"). 

Optic  axes. — It  is  seen  that  the  cir- 
cle, representing  the  uniform  velocity 
of  vibrations  parallel  to  b,  and  the 
ellipse  representing  the  varying  value 
of  the  velocity  for  the  vibi-ations  at 
right  angles  to  these,  intersect  one  an- 
ot'lier  at  P,  P',  f.  399.  Tlitj  obvious 
meaning  of  this  fact  is  that,  for  the 
directions  mP,  and  mP',  making 
equal  angles  with  the  axis  C6",  the 
velocity  is  the  same  for  both  sets  of 
vibrations;  these  are  not  separated 
from  each  other,  the  ray  is  not  dovbty 
refracted,  and  not  polarised. 
These  two  directions  are  called  the  optio  axks.  All  anisometric  crystsla 
have,  as  has  been  stated,  two  optic  axes,  and  are  hence  called  biawiat. 
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The  complete  wave-surface  of  a  biaxial  crystal  is  constructed  from  the 
three  sections  given  in  f.  397,  398,  399.  It  is  sliown  grapliically  in  f.  400, 
where  the  lines  PP^  and  P'P'  are  the  two  optic  axes. 

Bisectrices^  or  JUeanMties, — As  shown  in  f .  399,  tlie  optic  axes  always  lie 
in  the  plane  of  gi-eatest  (a)  and  least  (c)  elasticity,  and  the  value  of  the  optic 
axial  angle  is  known  when  tlie  axes  of  elasticitv  ai-e  given  as  stated  below. 
The  axis  of  elasticity  which,  as  the  line  CO'y  £  399,  bisects  the  acute  angle 
is  called  the  aeiite  hisedHx^  or  first  mean-litw  (erste  Mittellinie,  Germ.\  and 
that  bisecting  the  obtuse  angle,  the  obtuse  bisectrix^  or  second  mean-line 
(zweite  Mittellinie,  Germ.). 

Positive  and  negative  crystaJs. — ^AVlien  the  acute  bisectrix  is  the  axis  of 
least  elasticity  (c),  it  is  said  to  be  j>oiiitive^  and  when  it  is  the  axis  of  greatest 
(a)  elasticity,  it  is  said  to  be  negative.     Barite  is  positive,  mica  negative. 

Indices  of  refraHioix. — It  has  been  seen  that  in  uniaxial  crystals  there 
are  two  extreme  values  for  the  velocity  with  which  light  is  propagated,  and 
corresponding  to  them,  and  invci-sely  proportional  to  them,  two  indices  of 
refraction.  Similarl  v  for  biaxial  crvstals,  where  there  are  three  axes  of  elasti- 
city,  there  are  three  indices  of  refraction — a  maximuin  index  a,  a  minimum  7, 
and  a  mean  value  )3 ;  a  is  the  index  for  the  rays  propagated  at  right  angles 
to  a,  but  vibrating  parallel  to  a  ;  yS  is  the  index  for  rays  propagated  ])erpen- 
dicnlarlytob,  by  vibrations  parallel  to  b  ;  7  is  the  index  for  rays  propagated 

perpendicularly  to  c,  but  vibrating  parallel  to  c.     a  =  -,  /3  =  -,  7  =  -. 

a  b  c 

If  a,  )9,  and  7  are  known,  the  value  of  the  optic  axial  angle  (2  V)  can  be 

calcnlated  from  them  by  the  following  formula : 


cos  F  = 


J}ispersion  of  the  optic  axes. — It  is  obvious  that  the  three  indices  of 
refraction  may  nave  dilterent  values  for  the  different  coloi-s,  and  as  the  angle 
of  the  optic  axes,  as  explained  in  the  last  ]Kiragraph,  is  determined  by  these 
tlirce  values,  the  axial  angle  will  also  vary  in  a  corresponding  manner. 

This  variation  in  the  value  of  the  axial  angle  for  rays  of  different  wave- 
lengths is  called  the  dispersion  of  the  axes,  and  the  two  possible  cases  are 
distinguished  by  writing  p  >  v  when  the  angle  for  the  red  rays  (p)  is  greater 
than  lor  the  blue  (violet,  u),  and  p  <  v  when  the  revei-se  is  true. 

In  the  properties  thus  far  mentioned,  the  three  systems  are  alike ;  in 
details,  however,  they  differ  widely. 

Practical  Investigation  of  Biaxial  Crystals. 

Inlerferen/*s  figures. — A  section  cut  perpendicular  to  either  axis  will 
show,  in  converging  polarized  light,  a  system  of  concentric  rays  analogous 
to  those  of  uniaxial  crystals,  f.  390,  but  more  or  less  elliptical.  There  is, 
moreover,  no  black  cross,  but  a  single  black  line,  which  changes  its  position 
aa  the  Nicola  are  revolved. 
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If  a  section  of  a  biaxial  crjetal,  cut  perpendicularly  to  the  firat,  that  is 
acute,  bisectrix,  is  viewed  in  the  jxilariscope,  a  different  pbenomenon  is 
obeerved. 

There  are  seen  in  this  case,  sappoeing  the  plane  of  the  axes  to  make  an  angle 
of  45°  with  the  planes  of  polarization  of  the  crossed  Nicole,  two  black  hyper- 
bolas, marking  the  poflition  of  the  axes,  a  series  of  elliptical  curves  surround- 
ing the  two  centi-es  and  finally  uniting,  fomitng  a  series  of  lemniscates. 
If  monochromatic  light  is  employed,  the  rings  are  alternately  light  and 
dark ;  if  white  light,  each  ring  shows  tlie  snccessive  colors  of  the  spectrum. 
If  one  of  the  Nicol  prisms  be  revolved,  the  dark  hyperbolic  brushes  grada- 
aUy  become  white,  and  the  colors  of  the  rings  take  tiie  complementary  tints 
after  a  revolution  of  90°.  Since  the  black  hyperbolic  brushes  mark  the 
position  of  the  optic  axes,  the  smaller  the  axial  angle  the  nearer  twether 
are  the  hyperbolas,  and  when   the  an^le  is  very  small,  the  axial  figure 


observed  closely  i-esembles  the  eiinplL-  cross  of  a  uniaxial  crystal.  On  the 
other  hand,  when  the  axial  angle  is  large  the  hyperbolas  are  far  apart,  and 
may  even  be  so  far  apai-t  as  to  lie  iiivi-sible  in  the  field  of  the  polanscope. 

When  the  plane  of  the  axes  coincides  with  the  plane  <if  vibration  for 
either  Nicol,  these  being  crossed,  an  unsytnmetrical  black  cross  is  observed, 
and  also  a  scries  of  elliptical  curves.  Doth  these  figures  are  well  exhibited 
on  tiie  plate  opposite  this  page;  the  one  graaually  changes  into  the 
other  aR  the  crystal -section  is  revolved  in  the  horizontal  plane,  the  Nicols 
ivmaining  stationary. 

A  section  of  a  Oiaxial  crystal  cut  perpendicular  to  the  obtuse  bisectrix 
will  exhibit  the  same  figures  under  the  same  conditions  in  polarized  light, 
when  the  angle  is  not  too  large.  This  is.  however,  generally  the  case,  and 
in  consequence  the  axes  suffer  total  reflection  on  tne  inner  surface  of  the 
section,  and  no  axial  figures  are  visible.     This  is  sometimes  the  cHse  also 
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With  a  section  cut  normal  to  the  acute  bisectrix,  when  the  angle  is  large. 
A  micrometer  scale  in  the  polariscope,  f.  3S4,  allows  of  an  approximate 
measurement  of  the  axial  angle;  the  value  of  each  division  of  the  scale 
bein^  known. 

Measurement  of  the  arial  angle. — The  determination  of  the  angle  made 
by  the  optic  axes  is  of  the  highest  importance,  and  the  method  of  pi-oce- 
dure  oflFers  no  great  difficulties.  Y'\^,  401  shows  the  instrument  recom- 
mended for  this  purpose  by  DeaCloizeaux ;  its  general  features  will  be 
understood  without  detailed  description ;  some  improvements  have  been 
introduced  bv  Groth,  which  make  tlie  instrument  more  accurate  and  con- 
venient  of  use.  The  section  of  the  crystal,  cut  at  right  angles  to  the  bisec- 
trix, is  held  in  the  pincers  at  t*,  with  the  plane  of  the  axes  horizontal^ 
making  an  angle  of  45°  with  the  plane  of  vibration  of  the  Xicols  {NN). 
There  is  a  cross- wire  in  the  focus  of  the  eye-piece,  and  as  the  ])incei-6  hola- 
ing  the  section  are  turned  by  the  screw  F^  one  of  the  axes,  that  is  one  black 
hyperlx)la,  is  brought  in  coincidence  with 
the  vertical  cross-wire,  and  then,  by  a 
further  revolution  of  I]  the  second.  The 
angle  which  the  section  has  been  turned 
from  one  axis  to  the  second,  as  read  off 
at  the  vernier  II  on  the  graduated  circle 
atxive,  is  the  apparent  angle  for  the  axes 
uf  the  given  crystal  as  seen  in  the  air 
((wa,  f.  402).  It  is  only  the  aj^parent 
angle,  for,  owing  to  the  retraction  suffered 
on  passing  f  mm  the  section  of  the  crystal 
to  tiie  air,  the  true  axial  angle  is  more  oi 
leas  increased,  according  to  the  refractive 
index  of  the  given  crystal.  \^i 

Tliis  being  undei'st(K)d,  the  fact  already 
stated  is  readily  intelligible,  that  when  the  axial  angle  excoeds  a  certain 
limit,  the  axes  will  suffer  total  reflection  (p.  124),  and  they  will  be  no  longer 
visible  at  all.  When  this  is  the  case,  oil*  or  some  other  medium  with  high 
J'efi'active  power  is  made  use  of,  into  which  the  axe?^  pass  whf*n  no  loncrer 
visible  in  tiie  air.  In  the  instrument  described  a  small  recoptactle  holding 
the  oil  is  brought  between  the  tubes,  as  seen  in  the  figure,  and  the  i)incei-8 
lioldin^  the  section  are  immersed  in  this,  and  the  angle  measured  as  before. 
In  the  majority  of  cases  it  is  only  the  acute  axial  angle  that  it  is  practi- 
cable to  measure;  but  sometimes,  especially  when  oil  is  made  use  of,  the 
obtuse  angle  can  also  be  determined  from  a  second  section  normal  to  the 
obtuse  bisectrix. 

If      jF   =  the  apparent  semi-axial  angle  in  air  (f.  402). 
Ha,  =  the  apparent  semi-acute  angle  in  oil. 
Ho  =    "         '*  '*     obtuse    ^'      '^    " 

T^  =  the  real  (or  interior)  semi-acute  angle  (f.  402). 
Fo  =  /*     "       *'         "         semi-obtuse    "      (f.  402). 
n     =  index  of  refraction  for  the  oil. 
fi    =  the  mean  refractive  index  for  the  given  crystallized  substance. 

^  Almond  oil*  whioh  has  been  deoolozized  by  ezposore  to  the  light,  is  oommonly  employed. 
10 
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sin  £:=n  sin  /7". ;  sin  T.  =  |  sin  //.;  sin  F„  =  -?  gin  ff. 

These  fonniilas  ^We  the  true  interior  aiiffle  from  the  m^oc       j 
j^^iiirle  when  the  niean  refnu-tive  index  (/3)  is  kntiwn.         "'^^^^red  apparent; 

If,  however,  it  is  i)i>ssil»le  to  nieitsure  both  the  acute  anrl  r^K*- 
^njrU-S  tl'^'  true  anjrle,  and  als,.  the  value  of  yS,  can  be  deteSuo^i^r"* 
t;lieii».     lor  am  J „  =  w*  J.,  hence  :  ueceriniued  from 

tan  r.  =  4!^«;^=«  i'lL^- =  „ f i"j?, 

6111   //„  ' 


(let(jriiMn(»,  siihm'  i»y  nieans  or  ii,  in  aeeoraance  witn  the  above  form ulaB 
the  trnt^  viihie  of  tlio  axial  anj^le  can  be  ealenlated  from  its  apparent  valu« 
in  air.  'I'he  prism  to  ^nve  the  vahie  of  ^  should  obviously  liave  its  refract- 
hiir  cMl«r<.  parallc^l  to  tlie  mean  axis  of  elasticity  b,  that  is  at  right  ansles  to 
the  iilane  of  the  oi)tic  axes.  ^ 
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le  of  the  axes  of  the  crystal  investigated  being  made  to  coincide  with 
vibration-plane  of  one  oi  the  Nicols.  The  more  generaT  method  is  the 
loyment  of  a  wedge-shaped  piece  of  quartz  ;  this  is  so  cut  that  one  sur- 

coincides  with  the  direction  of  the  vertical  axis,  and  the  other  makes 
ngle  of  4°  to  6°  with  it.  By  this  means  a  section  of  varying  thickness  is 
aued.  The  section  to  be  examined  normal  to  the  acute  bisectrix  is 
ight  between  the  crossed  Nicols  of  tlie  polariscope  (f.  384),  and  with  its 
1  plane  making  an  angle  of  45°  with  the  polarization-plane  of  the 
^1  prisms  ;  that  is,  so  that  the  black  hyperbolas  are  visible.  The  quartz 
ge  is  now  introduced  slowly  between  the  section  examined  and  the 
yzer ;  in  the  instrument  ti^ured  a  slit  above  gives  an  opportunity  to 
rt  it  The  quartz  section  is  introduced  first,  in  a  direction  at  right 
es  to  the  axial  plane,  that  is,  to  the  line  joining  the  hyperbolas,  of  the 
8  investigated ;  and  second,  parallel  to  tlie  axial  plane,  that  is,  in  the 
ction  of  the  line  joining  the  hyperbolas.  In  one  direction  or  the  other 
ill  be  seen,  when  the  proper  thickness  of  the  quartz  wedge  is  reached, 

the  central  rings  appear  to  increase  in  diameter,  at  the  same  time 
Micing  from  the  centre  to  the  extremities. 

he  effect,  in  other  words,  is  that  which  would  have  been  produced  by 
thinnin</  of  the  given  section.     If  the  phenomenon  is  observed  in  the 

case  when  the  axis  of  the  quartz  is  parallel  to  the  axial  plane,  that  is 
le  obtuse  bisectrix,  it  shows  that  this  bisectrix  must  have  an  opposite 

to  the  quartz,  that  is,  the  obtuse  bisectrix  is  negative,  and  the  acute 
ctrix  positive.  If  the  mentioned  change  in  the  interference  figures 
8  place  when  the  axis  of  the  quartz  is  at  right  angles  to  the  axial  plane, 
:  obviously  the  opposite  must  be  true  and  the  acute  bisectrix  is  iieyative, 
he  same  effect  may  be  obtained  by  bringing  an  ordinary  quartz  section 
reater  or  less  thickness,  cut  normal  to  the  axis,  between  the  analyzer  and 
crystal  examined,  and  then  inclining  it,  tii*8t  in  the  direction  of  the 
1  plane,  and  again  at  right  angles  to  it.  The  method  of  investigation 
L  the  quartz  wedge  can  be  applied  even  in  those  cases  where  the  axial 
e  is  too  large  to  appear  in  the  air. 

or  the  investigation  of  the  absorption  phenomena  of  biaxial  crystals, 
p.  161. 

DiflTINGniSHING  OpTICAT/  CHARACTERS  OF  ORTnORHOHBIC  CR78TAL8. 

I  the  Orthorhornhic  System,  in  accordance  with  the  symmetry  of  the 
tallization,  the  three  axes  of  elasticity  coincide  with  the  three  crystallo 
►hie  axes.  Further  than  this,  there  is  no  immediate  relation  between 
two  sets  of  axes  in  respect  to  magnitude,  for  the  reason  that,  as  has  been 
id,  the  choice  of  the  crystallographic  axCvS  is  arbitrary,  and  has  been 
e,  in  most  cases,  without  reference  to  the  optical  character, 
shranf  has  propc^ed  that  the  crystallographic  vertical  axis  {c)  should  be 
lys  made  to  coincide  with  the  acute  bisectrix,  which  would  be  very 
rable,  especially,  as  urged  by  him,  in  showing  the  true  relations  between 
orthorhombic  and  hexagonal  systems.  Of  course,  this  suggestion  can 
arried  out  only  in  those  species  in  which  thd  optical  character  is  known. 

imnif  (FhyB.  Ifin.,  p.  802,  803)  has  shown  there  ia  a  dose  analogy  between  certain 
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orthorhombio  orjstals  whose  priflmatio  angle  is  near  120°  (compare  remarks  on  twins,  p.  96) 
and  the  crystals  of  the  hexagonal  system.  With  these  the  acute  bisectrix  is  uniformly  parallel 
to  the  prismatic  edge,  and  normal  to  the  six-sided  basal  plane,  analogous  to  the  one  optic  axis  of 
true  hexagonal  forms.  Moreover,  he  shows  that  the  nearer  the  prismatic  angle  approaches 
120^,  the  less  the  difference  between  the  three  axes  of  elasticity,  and  the  nearer  the  approach 
to  the  uniaxial  character. 

By  the  combination  of  thin  plates  of  a  biaxial  mica  optical  phenomena  may,  under  some 
conditions,  be  observed  in  polarized  light  which  are  similar  to  those  shown  by  uniaxial  crys- 
tals. Similarly  twins  of  chrysoberyl  (p.  97)  have  been  described  which  in  spots  gave  the 
axial  image  of  uniaxial  crystals.  This  subject  has  been  investigated  by  Reusch  (Pogg. 
cxxxvi.,  G20,  637,  1869),  and  later  by  Cooke  (Am.  Acad.  Scl,  Boston,  p,  35,  1874). 


Practical  Optical  Jnvcstigatian  of  Orthorhombio  Crystal. 

Determination  of  the  plane  of  the  optic  axes, — The  position  of  the 
tliree  axes  of  elasticity  iii  an  orthorhombic  crystal  is  always  known,  since 
the}'  must  coincide  with  the  crystallographic  axes  ;  but  the  plane  of  the  optic 
axes^  that  is,  of  tlie  axes  of  greatest  (a)  and  least  (c)  elasticity,  must  in  each 
case  be  detennined.  This  plane  will  be  parallel  to  one  of  the  three  diame- 
tral or  pinacoid  planes.  In  order  to  determine  in  which  the  axes  lie,  it  is 
necessary  to  cut  sections  parallel  to  these  three  directions  ;  one  of  these  three 
sections  will  in  all  ordinary  cases  show,  in  converging  polarized  light,  the 
interference  figures  peculiar  to  biaxial  crystals.  It  is  evident,  too,  that  two 
of  the  three  sections  named  determine  the  character  of  tlie  third,  so  that 
the  plane  of  the  optic  axes  and  the  position  of  the  acute  bisectrix  can  be  in 
practice  generally  told  from  them. 

Measurement  of  the  axial  an^gle,  p  ^  v. — From  the  section  showing  th^= 
axial  figures,  that  is,  normal  to  the  acute  bisectrix,  the  axial  angle  can  b^^ 
measured  in  the  manner  which  has  been  described  (p.  145).  If  it  is  prai 
ticable  to  determine  also  the  obtuse  axial  anajle,  from  a  second  section  no 
mal  to  the  obtuse  bisectrix,  it  will  be  possiule  to  calculate  the  true  axi 
angle  from  these  data,  and  also  the  mean  index  of  refraction  (/9). 

There  is  further  to  be  determined  the  dispersion  of  the  axes.     Whetb 

the  axial  angle  for  red  rays  is  greater 
less  than  for  blue  (p  >  v,  or  p  <  v)  can 
seen  immediately  fwm  the  figure  of  t 
axes,  as  in  f.  la,  IJ,  in  the  colored  ])lat 
p.  144.     It  is  obviously  true  in  this 
from  f .  la,  as  also  f .  lb,  that  tlio  angle  fc  :^r 
the  blue  rays  is  greater  than  that  for  tU^ 
red  {p  <  v),  and  so  in  general.     This  same 

B» ^^^-"- ^'     point  is  also  accurately  determined,  of 

course,  by  the  measured  angle  for  the  two 
monochromatic  colors. 

In  all  cases  the  same  line  will  be  the 
bisectrix  of  the  axial  angle  for  both  blue 
and  red  rays,  so  that  the  position  of  the 
respective  axes  is  symmetrical  with  refer 
ence  to  the  bisectrix.     In  f.  403,  the  dis- 

f version  of  the  axes  is  illustrated,  where  p  <  v;   it  is  shown  also  that  the 
ines,  B^  B^  and  ^^,  bisect  the  angles  of  both  red  (pOp)  and  blue 
{vOv')  rays.    It  also  needs  no  further  explanation  that  for  a  certain  relation 
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of  the  refi*aotive  indices  of  the  different  colors,  the  acnto  bisectrix  of  the 
axial  angle  for  red  rays  may  be  tlie  obtuse  bisectrix  for  the  angle  for  bine 
rajs. 

Indices  of  refraction^  etc. — The  determination  of  tlie  indices  of  refrac- 
tion and  the  character  (+  or  — )  of  the  acnte  bisectrix  is  made  for  c>rth<)- 
rhombic  crystals  in  the  same  way  as  for  all  biaxial  crystals  (p.  140).  It  is 
merely  to  be  mentioned  that,  since  the  axes  of  elasticity  al\yav8  coincide 
with  the  crystal lographic  axes,  it  will  lmp})en  not  infi-eqncntly  that  crystals 
without  artificial  preparation  will  furnish,  in  their  prismatic  or  dome  series, 
prisms  whose  edges  are  parallel  to  the  axes  of  elasticity,  and  consec^uently 
at  once  suitable  for  the  determination  of  the  indices  of  refraction. 


DiSTTNOUISHINO  OPTICAL  CnARACTEB&  OP  MOXOCLINIC  CUYSTALS. 

Pos-ition  of  the  axes  of  elasticity, — In  crystals  belonging  to  the  mono- 
dinic  Si/stem  one  of  tlie  axes  of  elasticity  always  coincides  with  the  ortho- 
diagonal  axis  i,  and  the  other  two  lie  in  the  plane  of  symmetry  at  right 
angles  to  this  axis.  Here  obyiously  three  cases  are  possihle,  according 
to  which  two  of  the  axes,  o,  b,  or  c,  lie  in  the  plane  of  symmetry. 

Oirresponding  to  these  three  positions  of  the  axes  of  elasticity,  tiiere  may 
Occur  three  kinds  of  dispersion  of  these  axes,  or  di^per'sion  of  the  bisectrices. 
This  dispersion  arises  fro»n  the  fact  that,  while  the  )>osition  of  one  axis  of 
elasticity  is  always  fixed,  the  position  of  tlie  other  two  is  indeterminate  and 

-for  the  same  crystal  may  be  different  for  the  different  coloi^s,  so  that  the 

bisectrices  of  the  different  coloi-s  may  not  coincide. 

Dispersion  of  the  hisect rices. — 1.  The  bisectrices,  that  is,  the  axes  of 

greatest  and  least  elasticity,  lie  in  the  plane  of  sym- 

Mietry,  while  the  orthodiacfonal  axis  b  coincides  with  b. 

J/he  optic  axes  here  snfif«,»r  a  dispersion  in  this  plane 

of  symmetry,  and,  as  already  stated,  they  do  not  lie 

Bvininetrically  with  reference  to  the  acnte  bisectrix. 

This  is  illustnited  in  f.  404,  where  J/J/ is  the  bisec- 
trix for  the  angle,  vOv\  and  BB  for  the  angle  pOp'. 
Tills  kind  of  dispersion  is  called  by  DesCloizeaux 
indin4}fl  (dispersion  inclince). 

2.  The  second  case  is  that  \yhere  the  plane  of  the 
optic  axes  is  jH?rpendicular  to  the  plane  of  symmetry, 
aud  the  acute  bisectrix  stands  at  yvA\\  angles  to  the 
ortliodiagfjual  axis  b.  In  other  words,  the  acute 
bisectrix  and  the  axis  of  mean  elasticity  both  lie  in 
the  plane  of  synnnetry.  In  this  case  also  dispei-sion 
of  the  axes  may  take  place,  and  in   this  way — the 

Elaiie  of  the  optic  axes  tor  all  the  colors  lies  parallel  to  the  orthodi agonal, 
ut  these  i)lanes  may  haye  different  inclinations  to  the  yertical  axis.     This 
is  called  horizontal  dispei-sion  by  DesCloizeaux. 

8.  Still  again,  in  the  third  place,  the  plane  of  the  optic  axes  lies  perpen- 

tli 


dicniar  to  the  plane  of  synmietry  ;   but  in  this  case  tne  acute  bisectrix  is 

scctrix  and  axis 
iispei'sion  which 


parallel  to  tlie  crystallogi-aphic  axis  i,  so  that  the  obtuse  bisectrix  and  axis 
of  mean  elasticity  lie  in  tlie  plane  of  symmetry.     The  dispei*sic 
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results  in  this  case  is  called  by  DesCloizeaox  crossed  (dispersion  toumante, 
or  crois^e). 

Dispersion  as  shown  in  the  interference  figures, — ^If  an  axial  section 
of  a  monoclinic  crystal  be  examined  in  converging  polarized  light,  the  kind 
of  disi^ereion  whicli  characterizes  it  will  be  indicated  by  the  nature  of  the 
interference  figures  observed  ;  the  three  cases  are  illustrated  by  the  figures 
upon  the  accompanying  plate,  taken  from  DesCloizeaux  Tp  144). 

Figs.  \a^  \h  represent  the  interference  figures  for  an  orthorhombic  crystal 
(nitre),  characterized  by  the  symmetry  in  tlie  size  of  the  rings,  and  the 
distribution  of  the  coloi-s.  Figs.  2^/,  26  (diopside),  3<i,  Zb  (orthocTa8e)s  4a,  4i 
(borax),  are  examples  of  the  corresponding  figures  for  mono<;linic  crystals, 
characterized  as  such  more  or  less  distinctly  by  the  want  of  symmetry  in 
the  size  of  the  rings  about  the  two  axes,  and  the  irregularity  in  the  ari'auge- 
ment  of  the  colors. 

(1)  Inclined  dispersion, — Where  the  axes  are  not  svnnnetrically  situated 
with  reference  to  the  acute  bisectrix.     The  relation  of  the  two  axial  figu 
is  illustrated  by  f.  4U5.     In  f.  2a,  26  this  kind  of  dispersion  is  indicated 
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the  position  of  the  red  and  bine  at  the  centres  of  the  rings,  and  on  th 
bordei^s  of  the  hyperbolas,  compare  f.  Itf,  \h  of  the  normal  figure, 
there  is  no  dispersion  of  the  bisectrices. 

(2)  Horizontal  dispersion^  where  the  planes  of  the  optic  axes  for  th^ 
different  coloi-s  make  different  angles  with  the  axis. — This  is  illustrated  \y^ 
f.  40().     The  effect  upon  the  interference  figures  is  seen  in  f.  3a,  Zb  of  th< 
plate,  by  comparing  the  colors  within  the  rings  (f.  3a),  and  on  the  horde 
of  the  hyi)erbolas  (f.  36),  with  f.  1^7,  16. 

(3)  Crossed  dii<persion^  where  the   acute   bisectrix   coincides  with  th 
crystal lographic  axis  6. — This  is  illustrated  in  f.  407,  and  the  in 
figures  belonging  to  this  kind  of  dispersion  are  seen  in  f.  4a,  46  of  the 
compared  as  beiore  with  la,  16,  and  with  the  other  figures. 


^ 
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Practical  Optical  Investigation  of  ManoeUnie  Oryitak. 

Determination  of  the  position  of  the  axes  of  elasticity^  that  m,  the  di$ 
timis  of  vibration,    Stauroscope. — The  position  of  one  axis  of  elasticity     J^ 
alone  known,  since,  as  h>is  been  stated,  it  coincides  with  the  crystallogrmplL  *^ 
axis  6.     In  order  to  determine  the  position  of  the  other  axes  in  the  plane  c  »' 
symmetry,  where  they  necessarily  lie,  use  is  made  of  an  instrument,  fir^^ 
proposed  by  von  Kobell,  called  the  Staueoscopk.     The  principle  of  thi^ 
instrument  is  very  simple.     Suppose  that  the  two  Nicols  in  the  polari- 
scoi)e  (f.  385)  have  their  planes  of  polarization  crossed,  causing  the  maXH 
mum  extinction  of  light.     Now,  if  a  section  of  any  biaxial  crystal  ia  broof^ 
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between  them,  obviously,  if  the  position  of  its  two  rectangular  axes  of 
elasticity,  which  are  its  two  directions  of  yibration,  coincide  with  those  of 
the  two  Nicols,  it  will  produce  no  change  in  appearance  ;  the  field  of  the 
polariscope,  which  was  dark  before,  remains  dark.  But  6U])pose,  on  the 
other  hand,  that  it  is  placed  in  any  other  position  in  the  piano,  so  that  its 
two  rectangular  directions  of  vibration  do  not  coincide  with  those  of  the 
Nicols,  the  field  is  no  longer  dark,  but  more  or  less  light.  The  leason  for 
this  is,  that  the  light  from  the  lower  Nicol  meeting  the  crystal  i)late  is 
separated,  according  to  the  law  of  the  parallelogmm  of  forces,  int(»  two  sets 
of  vibrations,  which  are  again  resolved  by  the  analyzing  Nicol,  and  only  one 
set  extinguished  by  it.  It,  however,  the  plate  be  gradually  changed  in  jx>si- 
tion,  that  is,  revolved  horizontally,  until  its  vibration-directions  (axes  of 
elasticity)  coincide  with  those  of  the  Nicols,  then,  as  at  tii-st,  the  light  is  ex- 
tinguished. If  the  angle  is  measured  which  it  is  necessary  to  revolve  the 
section  to  accomplish  the  result  just  remarked,  that  will  be  the  angle  be- 
tween the  direction  of  one  of  the  axes  of  elasticity  of  the  plate  in  its  original 
position  and  the  vibration-plane  of  the  Xicol. 

Li  figure  40ii,  let  the  two  larger  rectangular  arrows  represent  the  vibration- 
directions  for  the  two  Nicols,  and  between  the  two 
prisms  sup}M)se  a  section  of  a  monoclinic  crystal, 
abody  to  l)e  i)laced  so  that  one  edge  of  a  known  crys- 
tallographic  plane  (e</.,  i-i)  coincides  with  one  of 
these  lines.  The  field  of  the  microsco[)e,  dark  before, 
Biuce  the  prisms  were  ci-ossed,  is  no  longer  so,  and 
becomes  dark  Again,  as  explained,  only  when  the 
crvBtal  is  revolved  so  that  its  vibmtion-directions 
(the  smaller  dotted  aiTows)  coincide  with  those  of 
the  Nicols,  which  is  indicated  by  the  maximum 
extinction  of  the  light.  The  crystal  has  then  the 
position  a'h'cd',  five  angle  (f.  408),  which  it 
naB  been  necessary  to  revolve  the  plate  to  obtain 
the  effect  described,  is  the  angle  which  one  of  the  axes  of  elasticity  in  the 
given  plate  makes  with  the  given  crystal lographic  edge  i-i. 

The  preceding  explanations  cover  everything  that  is  essential  in  the 
Stauroscope;  but  a  variety  of  improvements  have  been  introduced,  which 
practically  make  the  measurements  by  means  of  the  instrument  much  more 
easy  and  accurate. 

It  will  be  seen  that  the  most  important  feature  is  the  ix)int  where  the 
maximum  extinction  of  the  light  <jccui*s  ;  this,  however,  is  not  easy  for  the 
ej'e  ti»  decide  upon,  and  if  the  trial  is  made,  it  will  be  found  that  the  change 
produced  by  a  revolution  of  several  degrees  is  hardly  penteptible.  To 
ovei'conuB  this  difficulty,  von  Kobell  proj.>osed  to  introduce  a  section  of  cal- 
cite  just  below  the  analyzer,  because  its  interference  figure  gives  a  l»etter 
opportunity  to  judge  of  a  change  in  the  intensity  of  the  light.  A  still  better 
plan  is  to  introduce  a  connK>sition  plate  of  calcite,  as  proposed  by  l>rezina, 
giving  a  peculiar  interference  figure,  a  very  slight  change  in  which  destrovs 
its  Bymmetry,  and  it  takes  its  nonnal  form  only  when  the  planes  of  polariza- 
tion of  the  two  Nicols  are  ej^actly  at  right  angles.  {Supposing  this  to  be  the 
caBe,  when  the  crystal  has  been  introduced  the  interference  ligure  isdisturbed, 
itretuniB  to  its  normal  appearance  only  when  the  crystal  has  been  revolved 
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to  the  point  where  the  vibration-directions  of  the  Nicok  and  crystal  section 
exactly  coincide. 

It  will  be  obBerved  a^in,  that  it  is  essential  that  the  direction  of  the 
known  edge  of  the  crystal  should  be  exactly  parallel  to  the  vibration-direc- 
tion of  one  of  the  Nicols.  Tliie  condition,  in  tlio  ease  of  small  criBtwla 
especially,  is  hard  to  fulfil,  and  to  accomplish  it  most  satisfactorily  Crroth 
has  pniposed  to  nse  the  plate  shown  in  f.  109. 

The  plate  of  glass,  V,  held  in  its  present  position  by  the  spring,  has  one 

edge  polished,  which  adjoins  u,  and  the  difection 

*•*  of  this  is  made  to  coincide  exactly  with  the  line 

^--^^|||^IIIII!||^\^^  joining  the  opposite  zero  points  of  the  gradna- 

//^^^^^^N^X^        tion.     The  crjstal  section  is  attached  to  this  plate 

/ //j^^  ^^Xvf\  *^^^^  ^''®  '^"'^  ^""^  '"  *'  *"*^  ™'''''  *  plane  of 
/ /yV/^  pT.-^^?^^T^V\\  \  known  crystal lographic  position,  either  0,i-\(it 
[3  It!     r'        I  ^ll\jt"i    *  plane  in  that  zone  or  a  corresponding  edge, 

rv\  li      H-— ji ■'     1|  rfn    coinciding  with  the  direction  of  the  poliehed  edge 

\  \\\\  — ~ Jill  11     '•f  the  plate.     Whether  this  coincideuce-is  exact 

\^Vv^^^^^___,^^^// /     can  be  tested  by  the  reflective  goniometer.     In 

\\,;;^^^^^yy/       order  to  eliminate  any  small  error,  Groth  pro- 

\!^^|~- -^^^1^/  poses  to  measnre  the  divergence  from  the  exact 

coincidence,  and  then  to  make  a  corresponding 
correction,  for  which  he  fnrnit-lies  a  series  of  tables. 

After  the  adinstmeiit  of  the  crystal  section  on  the  plate,  the  latter  is 
inserted  in  its  place,  the  whole  olate,  I,  k,  occupyinj*  the  position  indicated 
in  f.  385,  and  the  Nicols  so  aajusted  that  the  plane  of  vibration  of  one 
coincides  with  the  liile  0°  to  180  .  The  angle  of  revolution  of  the  plate,  I, 
is  obtained  fiTim  the  graduated  scale  on  k. 

It  is  not  always  easy  to  make  the  adjustment  of  the  Kiculs  alluded  to, 
but  the  error  arisnig  when  the  vibration-plane  of  the  Nicol  does  not  coincide 
with  the  line  0°  to  ISO"  is  easily  eliminated.  This  is  accomplished  bv  remov- 
ing the  plate  w,  and,  without  aistnrbing  the  crystal  section,  restonng  it  to 
its  place  in  an  inverted  position.  The  measured  angle,  if  before  too  great, 
will  now  be  as  tnnch  t<H)  small,  and  the  arithmetical  mean  of  the  two 
meufiurements  will  be  the  true  angle. 

Reference  further  may  he  made  to  Groth,  I*ogg.  Ann.,  exliv.,  84, 1871. 

DetermintUion  of  t/m  plane  of  the  optic  axes. — The  investigation  of  a 
section  of  a  monocltnic  crystal  parallel  to  the  plane  of  symmetry  determines 
tlie  (Keition  of  the  two  remaining  axes  of  elasticity,  but  it  does  not  fix  the 
relative  position  of  the  greatest  and  least  axes  of  elasticity,  tliat  is,  the  plane 
of  the  optic  axes.  To  solve  the  latter  p<:)int,  sections  normal  to  each  of  the 
three  axes  must  be  examined  in  converging  polarized  light,  and  one  of 
tJiem  will  show  (he  charactei'istic  interference  figures.  The  section  parallel 
to  the  )>lanc  of  symmetry  is  fii-et  to  be  examined,  and  if  it  does  not  show 
the  axes  even  in  oil,  one  or  both  of  the  other  sections  spoken  of  runst  be 
employed. 

Avuil  angle,  dispersion,  etc. — The  method  of  measuring  the  axial  angle 
has  been  already  explained,  and  if  tins  ie  determined  for  the  different  colon 
it  will  detenninc  the  dispersion  of  the  axes  p  '%  v. 

The  dispersion  of  the  axes  of  elasticity  has  been  shown  to  be  always 
indicated  by  the  character  of  interference  figures;  ita  amount,  where  con* 
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siderable,  may  be  determined  by  making  the  stauroscopic  measurements  for 
different  colors. 

The  remaining  points  to  be  investigated,  tlie  indices  of  refraction,  and 
the  4-  or  —  character  of  the  crystal,  need  no  further  explanation  beyond 
that  which  has  been  given,  pp.  146,  147. 

DiSTiNGmsuiNO  Optical  Cuaracters  of  Tbicltnic  Crystals. 

The  ciTstals  of  the  triclinic  system  ai-e  characterized  by  their  entire  want 
of  crystaflographic  symmetry,  the  position  and  inclination  of  the  axes  being 
entirely  arbitrary,  and  it  follt)\vs  from  this  that  there  is  no  necessary  connec- 
tion between  them  and  the  rectangular  axes  of  elasticity.  ^More  than  one  of 
the  three  kinds  of  dispei-sion  mentioned  on  p.  150  may  occur  in  a  single 
crystal,  and  the  interference  figures  will  indicate  the  existence  of  both. 

The  prO'Ctiml  investigation  of  triclinic  crystals  optically  involves  great 
difficnlty ;  in  general  a  series  of  successive  trials  are  required  to  determine 
the  position  or  the  axes  of  elasticity.  When  these  are  found,  the  axial  sec- 
tions can  be  prepared  and  the  axial  angle  determined,  and  the  other  points 
settled  as  witli  other  biaxial  crystals. 

Effect  of  Heat  upon  the  OPTic.Ui  Characters  of  Crystals. 

In  addition  to  the  ordinary  investigation  of  crystal-sections  in  the  polari- 
scope,  it  is  often  important  to  determine  the  influence  of  heat  upon  the 
optical  character  of  crystals.  The  axial  angle  may  be  measured  at  any 
required  temperatni-e  by  the  use  of  a  metal  air-bath.  This  is  ])laced  at  6", 
^f.  401),  and  extends  beyond  the  instrument  on  either  side,  so  as  to  allow 
of  its  being  heated  with  gjis  burners ;  a  thermometer  inserted  in  the  bath 
makes  it  jx^sible  to  regulate  the  temperature  as  may  be  desired.  This  bath 
lias  two  openings,  closed  with  glass  plates,  corresix>n<liiicr  to  the  two  tubes 
carrying  the  lenses,  and  the  crystal-section,  held  as  usual  in  the  pincers,  is 
seen  throagh  these  glass  windows. 

The  conclusions  of  DesCloizeaux  (see  Literature)  as  to  the  influence  of 
lieat  upon  the  optical  characters  of  crystals  ai*e  as  follows : 

(1)  unioji^lal  crystals  appear  to  be  uninfluenced  by  a  heating  of  from  10*^ 
"to  190°  C.  (2)  ^ic£»i<i/ crystals  of  the  orthorhomhi^'  system  suffer  a  greater 
^rlcss  change  in  axial  angle.  (3)  liia^citl  crystals  of  the  monodinlc  system 
S}iiffer  a  change  in  axial  angle,  and  in  addition  also  in  the  plane  of  the  axes 
Avhen  it  is  not  the  plane  of  symmetry.  Triclinic  crystals  also  show  a  little 
<;bange  in  the  position  of  the  axes. 

A  striking  example  of  the  change  in  axial  divergence  is  furnished  by 
gypsum.  At  ordinary  temperatures  the  axes  lie  in  the  plane  of  symmetry 
\t'i) ;  at  80°  C.  they  unite  in  a  line  making  an  angle  of  37°  28'  M'ith  a  normal 
to  O',  and  with  an  increased  temperature  they  again  separate  in  a  plane 
perpendicular  to  i-i.  DesCloizeaux  found  that  the  fold^ipars,  when  heated 
np  to  a  certain  point,  suffer  a  ciumge  in  the  position  of  the  axes,  and  if  the 
beat  becomes  greater  and  is  long  continued,  they  do  not  return  again  to  their 
original  p<j6ition,  but  remain  altered.     Weiss*  has  made  use  of  this  principle 

*  Znr  KenntolBB  der  Feldspathbildung ;  Haarlem  Soo.  Yerhandl.,  xxy.,  1866. 
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.to  determine  at  what  temperature  certain  feldspathic  rocks  were  formed. 
This  constant  change  of  axial  angle  upon  heating  is  true  also  of  brookite, 
zoisite,  and  otlier  minerals.  The  investigations  of  PfafiF  show  that  the  opti- 
cal properties  of  some  uniaxial  crystals  also  are  affected  by  heating,  though 
to  no  great  extent,     l^ogg.,  cxxiii.,  179,  cxxiv.,  448,  etc. 


Anomalies  Exqibited  by  some  Gbtstals  in  theik  Optical  PnBNOMENA. 

There  are  a  considerable  number  of  crystals  of  the  three  classes,  whicli, 
fi*oni  a  variety  of  causes,  exhibit  irregularities  in  their  optical  characters ; 
some  of  the  more  important  cases  are  mentioned  here. 

iHomrfric  crystah, — Boracdte,  and  also  senanmrntite,  sometimes  exhibit 
interference  ligures  resembling  closely  those  of  biaxial  crystals.  In  the 
case  of  l>uracite  this  is  explained  by  DesCloizeaux  as  due  to  the  presence 
of  enclojicd  crystals  of  parasite  formed  by  alteration.  Perofskite  is  also 
strongly  doubly  refracting,  and  in  ])o]arized  light  appears  to  be  biaxial, 
although,  as  shown  by  Xokscliarow,  it  is  isometric  in  crystallographic  rela- 
tions.    The  irregularities  arc  supiuKsed  by  him  to  be  caused  by  tlie  want  of 

homot'cneitv  in  the  internal  structure  of  the  crvstals. 

*■'  *'  « 

The  properties  of  double  refraction  possessed  by  some  substances,  crystal- 
lized and  non-crystallized,  whii;h  are  normally  isotrope,  are  explained  by 
JJiot*  to  be  due  to  lamellar  polarization.  This  is  analogous  to  the  produc- 
tion of  polarized  light  by  means  of  a  series  of  thin  plates  (see  p.  128). 
Alum  crystals  have  often  the  lamellar  structure,  which  causes  these  pheno- 
mena. 

Analcite  and  leucite  have  been  included  in  the  list  of  isometric  crystals, 
which  exhibit  anomalous  optical  chamctei-s ;  but  the  most  accurate  cr3"8tal-  — JTJ 
logi-apliic  determination  has  referred  both  species  to  the  tetragonal  system.  —  ^^^ 
Tension  or  compression  at  the  time  of  crystallization  may  cause  isotropic-c:>  i"i' 
crystals  to  polarize  light ;  Schrauf  has  described  a  uniuxial  diamond,  and-Ci^  ^( 
it  was  long  since  shown  by  I>rewster  that  some  diamonds  give  evidence  iojc^  -ii 
polarized  light  of  compression  about  interior  cavities. 

Uhhuvial  crtjstalii, — A  want  of  homogeneity  in  the  crystals,  as  shown  by"%^^^J 
DesCloizeanx,  may  cause  miiaxial  crystals  to  exhibit  in  polarized  light  a^"y  fl 
variety  of  abnormal  phenomena.  In  some  cases  the  axial  ligures  resemble^^  ^'c 
th<jse  of  biaxial  crystals,  the  cross  in  the  middle  of  the  field  (f.  390)  no10"^-^^*^ 
l)eing  closed,  but  separated  into  two  hyperbolas,  lying  near  each  other..-^  — r* 
IJeryl,  zircon,  vesuvianite,  and  apatite  are  examples.  That  such  crystals -T-^" 
are  nevertheless  uuiuxlal  is  ]>n)vcd  bv  the  fact  that  the  opening  of  the  cro8&^*^*^ 
is  independent  of  the  position  of  the  \icols,  and  is  not  altered  if  the  sectior*^*  -*" 
is  turned  in  a  horizontal  plane.  If  this  is  not  true,  or  if,  when  the  sectior^^^^" 
is  heated  (p.  lo^j  the  distance  between  the  hyberbolas  is  altered,  it  is  ^  * 

proof  that  the  irregularity  is  not  due  to  lamellar  polarization,  but  that  th^-^-J^ 
two  indices  of  refraction  are  not  exactly  e<pial,  and  consequently  tliat  tli^-^*® 
crystal  is  not  Htrictly  uniaxial.  In  such  cases  a  i-evision  of  the  crystallo^^^  -^ 
graphical  elements  is  desirable. 

Ihe  axial  figure  shown  by  a  section  of  apophyllite  is  peculiar,  exhibiting  ^^8 


*  Biot,  Becherchca  sur  la  polariBation  lamellaire,  G.  B.,  xiL,  741,  803,  871,  967« 
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a  series  of  rings  alternately  dark  violet,  and  yellow.  The  explanation  is 
found  in  the  fact  previously  stated,  that  it  is  positive  for  red  rays,  negative 
for  blue,  and  does  not  doubly  refract  yellow  light. 

Among  biaxial  crystaU  irregularities  in  the  optical  phenomena  are  often 
observed.  They  are  due  in  part  to  want  of  homogeneity,  in  part  to  twin 
structure,  and  also  to  other  causes.  In  brookite  tlie  planes  of  the  axes  for 
i-ed  and  blue  rays  are  at  right  angles  to  each  other,  and  hence  the  axial 
figures  vary  much  from  those  normally  observed;  in  titanite  the  axial  angle 
for  the  two  colors  is  widely  different,  and  this  also  gives  rise  to  an  axial 
figure  of  abnormal  appearance. 

Irregular  structure,  due  to  twinnincr,  is  a  frequent  cause  of  peculiar  opti- 
cal phenomena;  crystals,  in  external  form  apparently  si u)i>le,  often  show 
themselves  to  be  made  up  of  irregular  banded  layers  in  twinned  position, 
when  examined  in  polarized  light ;  this  is  true  of  many  minerals. 

In  some  crystals,  as  occasionally  in  the  epidote  from  the  Untei"sulzl)ach- 
thal  in  the  Tyi-ol,  the  biaxial  figures  may  be  observed  immediately,  without 
the  use  of  the  polariscope.  This  is  due  to  the  complex  twinned  structure 
of  the  crystal,  a  thin  lamella  in  reverse  position  being  enchised  in  the 
interior,  so  that  the  parts  of  the  crystal  on  either  side  act  as  polarizer  and 
analyzer. 


Practioal  SuggestUma  in  regard  to  the  Preparation  and  use  of  Crystal  Section*  made  for 

Optical  Examination, 

The  most  important  task  is  the  preparation  of  a  plate  for  examination  in  the  Stanroscopef 
or  for  the  obeerration  of  the  axial  interference -figures.  In  this  we  are  often  agisted  by  the 
deavage,  which  Bometimes  makes  it  possible  to  obtain  the  require  I  section  without  the  labor 
of  catting  it.  This  is  oonspicaooslj  the  c:ise  with  mica ;  also  with  topaz  and  anhydrite,  and 
other  mioerali.  Sometimes  the  natural  surfaces  need  to  be  made  smooth  and  polished. 
Furthermore  natural  crystals  sometimes  occur  in  a  tabular  form,  thin  and  transparent  enough 
to  answer  the  purpose;  this  is  true  of  the  crystals  of  wulfenite  from  Utah.  In  most  cases, 
however,  the  section  must  bo  actually  cut.  The  means  required  in  such  coses  var>'  with  the 
Ki^rfinftM  of  the  mineral  under  examination.  For  the  hardest  minerals  diamond  powder  is 
made  use  of  in  grinding;  it  is  employed  after  the  manner  of  the  lapidaiy.  (It  may  be  men- 
tioned here  that  the  investigator  will  generally  find  it  for  his  interests,  both  as  regards  time, 
money,  and  aocuraoy  of  results,  to  employ  a  lapidary  to  do  this  work  for  him.)  The  diamond 
powder  is  applied  to  a  thin  wheel  of  soft  iron  or  copper,  rotating  on  a  lathe. 

For  minerals  which  are  not  so  extremely  hard,  good  emezy  may  be  used  instead  of  diamond 
|M)wder.  It  is  merely  necessary  to  apply  the  emery  and  water  to  the  edge  of  the  wheel  as  it 
tBTolves,  the  mineral  being  held  firmly  against.  A  neater  and  more  advantageous  method, 
where  the  amount  of  material  is  small,  is  the  use  of  a  fine  saw,  or  better  wire,  mounted  in  a 
fhune,  and  used  with  either  diamond  powder  or  emery  moistened  with  water  or  oil.  The 
QiyBial  may  be  mounted  in  wax  or  otherwise^  if  very  small ;  sometimes  a  holder  made  of  cork 
is  convenient. 

The  direction  in  which  the  slice  is  to  be  cut  is  of  the  highest  importance,  and  con  often  be 
indicated  at  first  by  a  scratch  across  a  plane  of  a  crystal.  In  many  coses  it  is  more  simple  to 
Q^nd  on  a  surface  in  the  proper  direction,  and  this  can  be  easily  accomplished  by  holding  the 
Qiystal  against  a  fine-grained  emezy  wheel  rotating  on  a  lathe.  It  can  be  held  either  in  the 
Angers,  or  cemented  to  a  small  piece  of  glass,  for  instance  with  Canada  balsam. 

Another  way.  more  simple  as  demanding  no  instruments,  is  to  make  use  of  a  flat  piece  of 
plate  glass,  not  too  small,  on  which  the  crystal  is  ground  with  moistened  emery,  being  care- 
f  ally  moved  about  with  the  hand.  In  some  cases  a  file,  or  even  a  knife,  may  be  used,  where 
the  mineral  in  hand  is  soft 

Whatever  method  of  grinding  is  adopted,  it  is  necessary  to  exercise  great  care  to  bring  the 
lirfciftcial  surface  into  exactly  the  ))roper  direction.  This  can  be  determined  only  as  its  inclina- 
tiona  to  existing  ozystalline  planes,  or  cleavage  surfaces,  are  measured,  and  practically  it  is 
often  to  stop  Uie  work  and  test  what  has  been  done.     The  parallel  intersections 
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will  often  show  the  degree  of  correctness  in  the  work.  For  purpones  of  measurement  it  is 
necessary  to  polish  the  artificial  plane,  or  instead,  a  small  piece  of  thin  glass  may  be  cemented 
on  where  the  crystal  is  too  small  for  the  use  of  the  hand-goniometer.  It  is  of  coarse  necessary 
to  know,  before  starting,  the  angle  which  the  new  plane  will  make  with  the  natural  planes 
which  are  already  present.  When  one  plane  in  the  required  direction  has  been  obtained,  it 
is  a  comparatively  simple  process  to  obtain  a  second  parallel  to  it,  though  care  must  be  exer- 
cised to  attain  accuracy. 

The  required  section  having  been  cut,  it  remains  only  to  polish  the  surfaces.  The  means 
required  differ  so  widely,  according  to  the  hardness  of  the  mineral,  that  no  fixed  rule  can  be 
given.  The  most  commonly  used  polishing  powder  is  the  flnglish  red,  or  colcothar,  which 
may  be  used  on  the  plate  of  glans,  or  leather  surface,  or  on  a  revolving  wheel  covered  with  a 
soft  cloth.  In  other  cases  oxide  of  tin  or  fine  chalk  is  used  ;  aud  again  the  simple  plate  of 
ground  plass  will  answer  the  purpose  without  the  use  of  any  other  means.  As  a  rule,  the 
hardest  minerals  take  the  polish  most  readily.  Somc^times  the  only  method  practicable  is  to 
use  small  fragments  of  thin  glass,  adhering  with  balsam,  by  which  transparency  is  obtained 
without  i)olish,  though  errors  are  easily  introduced  by  this  means  when  sufiicient  care  is  not 
exercised. 

The  preparation  of  prisms  for  the  measurement  of  the  indices  of  refraction  is  practically 
much  more  difficult  than  that  of  a  simple  section,  but  in  gcnen^  the  methods  are  the  same. 

It  is  often  odvi'-able  to  examine  a  mineral  microscopically  when  a  slice  in  a  particular  direc- 
tion is  not  needed.  In  such  cases  use  can  be  made  of  the  methods  employed  in  making  rock 
slices.  A  revolving  wheel  of  soft  iron,  vertical  or  horizontal,  is  employed,  on  the  lateral  sur- 
face of  which  the  substance  is  ground  with  the  use  of  emery  moistened  with  water.  A  thin 
slice,  or  thin  fragment  broken  off,  is  taken  to  commence  with.  First  one  surface  is  ground 
smooth  and  polished.  The  piece  is  then  cemented  to  a  little  plate  of  thick  glass  with  balsam, 
and  the  other  side  ground  down  parallel  to  the  first  the  grinding  being  continued  until  the 
required  degree  of  transparency  is  obtained.  Obviously  when  the  section  becomes  thin  and 
fragile,  the  coarse  emery  must  be  replaced  with  fine,  and  a  considerable  degree  of  care  exer- 
cised. The  section  obtained  is  generally  removed  to  another  slip  of  glaf>s  and  mounted  with 
balsam  under  a  thin  glass  cover. 

The  microscopic  investigation  of  minerals,  by  means  of  thin  slices,  is  of  the  highest  import- 
ance, aside  from  optical  investigations.  Every  chemical  analysis  should  be  preceded  by  such 
an  examination  to  test  the  purity  of  the  material  in  hand.  Where  a  transparent  section  can- 
not be  obtained,  a  single  polished  surface,  examined  by  reflected  light,  will  often  suffice  to 
decide  the  same  point. 

The  valuable  investigations  of  Vogelsang,  Fischer,  Rosenbusch,  and  others,  referred  to  on 
pp.  1G8  to  1 11,  show  how  many  minerals,  which  at  first  glance  seem  perfectly  pure,  are  found 
to  enclose  impurities  considerable  in  variety  and  amount. 
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DIAPHANEITY;    COLOR;    LUSTRE. 

There  are  certain  cliaracterifttics  belon filing  to  all  minerals  alike,  crystal- 
lized and  non-crystallized,  in  their  relation  to  liijht.     These  are : 

1.  DiAPHANKrrv;  depending  on  the  power  of  tmnsiiiitting  light. 

2.  Color;  depending  on  the  kind  or  light  reflected  or  transmitted. 

3.  Lustrk;  depending  on  tlie  power  and  manner  of  reflecting  light. 


1.    DiAPHANErrY. 

The  amount  of  light  transmitted  by  a  solid  varies  in  intensity,  or,  in  other 
words,  of  the  light  received  more  or  less  may  be  dlmtrhed.  The  amount 
of  absorption  is  a  minimum  in  a  perfectly  transparent  solid,  as  ice,  while  it 
is  greatest  in  one  wliich  is  opaque,  as  iron.  The  following  terms  are  adopted 
to  express  the  diflFerent  degrees  in  the  power  of  transmitting  light : 

Traasjparent :  when  the  outline  of  an  object  seen  through  the  mineral  is 
perfectly  distinct. 

ASa^^tranftparenty  or  semi-transparent :  when  objects  are  seen,  but  the 
outlines  are  not  distinct. 

Tnvislmient :  when  light  is  transmitted,  but  objects  are  not  seen. 

SuhtranslaceiU :  when  merely  the  edges  transmit  light  or  are  trans- 
liicent. 

When  no  light  is  transmitted,  the  mineral  is  said  to  be  opaque.  This  is 
>n;|)ei-ly  only  a  relative  term,  since  no  substance  fails  to  transmit  some 
ight,  if  made  sufficiently  thin.  Magnetite  is  translucent  in  the  Pennsbury 
inica.  The  recent  researches  of  Prof.  A.  W.  Wright  have  shown  that  by 
means  of  the  electrical  current  the  metals  may  be  volatilized  and  de[.>o?ited 
again  on  the  sides  of  the  surrounding  glass  tube.  The  hiyei-s  thus  formed 
are  perfectly  continuous,  but  so  thin  as  to  be  transparent.  By  transmitted 
light  the  layer  of  gold  thus  obtained  appeal's  green,  and  that  of  silver  a 
l>eautiful  blue. 

The  property  of  diaphaneity  occui-s  in  the  mineral  kingdom,  in  every 
degree  from  nearly  perfect  opacity  to  a  perfect  transparency,  and  many 
minerals  present,  in  their  numerois  varieties,  nearly  all  the  different  shades. 

The  absorption  of  light  in  its  relation  to  the  axes  of  elasticity  is  spoken 
of  on  p.  161. 
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2.  Color. 

.  Cause  of  color. — The  color  of  a  substance  depends  upon  its  power  of 
al)Sorbing  certain  j)ortions  of  the  light,  that  is,  certain  rays  of  the  6i)ectrum  ; 
a  yellow  mineral,  tor  instance,  absorbs  all  the  rays  of  the  spectrum  with  the 
except iim  of  the  yellow.  In  general  the  color  which  the  eye  perceives  is 
tlie  result  of  tlie  mixture  of  tliose  rays  which  are  not  absorbed.  All  min- 
erals may  be  divided  into  two  classes:  (1)  those  whose  color  is  essential  and 
"belongs  to  the  flnest  particles  mechanically  made ;  (^2)  those  whose  color  is 
non-essential  and  in  the  flne  powder  is  different  from  what  it  is  in  the  mass. 
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laznlite. — 3.  VioUt-hlice :  blue,  mixed  with  red;  amethyst,  fluorite. — 4. 
LavenderMue :  bhie  with  some  red  and  much  gray. — 5.  Pruasian-hluey 
or  Berlin  bhie:  pure  blue;  sapphire,  cyanite. — 6.  Smalt-blue:  some  varie- 
ties of  gypsum. — 7.  Indigo-hlue :  blue  with  black  and  green  ;  blue  tourma- 
line.— 8.  Sky-blu^:  pale  blue  with  a  little  green;  it  is  called  mountain 
blue  by  paintei-s. 

E.  Green.  1,  Verdigris-green:  green  inclining  to  blue;  some  feldspar 
(araazon-stone). — Celandine-green:  green  with  blue  and  gray  ;  some  varie- 
ties of  talc  and  beryl.  It  is  the  color  of  the  leaves  of  the  celandine  (Cheli- 
doniam  majus). — 3.  Mountain-green  :  green  with  much  blue ;  beryl. — 4. 
Leek-green :  green  with  some  brown ;  the  color  of  leaves  of  garlic ;  dis- 
tinctly seen  in  prase,  a  variety  of  quartz. — 5.  Kmerald-green :  pure  deep 
green  ;  emerald. — 6.  AppU-green :  light  green  with  some  yellow  ;  chryso- 
prase. — 7.  Grass-green :  bright  green  with  more  yellow  ;  green  diallage. — 
8.  Pistachio-green  :  yellowish  green  with  some  bmwn  ;  epidote. — 9.  Aspa- 
ragus-green :  pale  green  with  much  yellow ;  asparagus  stone  (apatite). — 
10.  Blackish-greeii :  serpentine. — 11.  Olive-green:  dark  green  with  much 
brown  and  yellow ;  chrysolite. — 12.  Oil-green :  the  color  of  olive  oil ; 
beryl,  pitchstone. — 13.  Siskin-green :  light  green,  much  inclining  to  yellow ; 
nrauite. 

F.  Yellow.  1.  Sviphur-yeUow :  sulphur. — 2.  Straic-yellow :  pale  yel- 
low ;  topaz. — 3.  Wax-yellow :  grayish  yellow  with  some  brown ;  blende, 
opal. — 4r.  Iloney-yeUoio  :  yellow  with  some  red  and  brown ;  calcite. — 5. 
Leinon-yellov)  :  sulphur,  orpinient. — 6.  Ochre-yelloio  :  yellow  with  brown ; 
yellow  ochre. — 7.  \Vine-ydlow :  topaz  and  fluorite. — 8.  Cream- yeUow : 
some  varieties  of  lithon large. — i).   Orange-yelUno :  orpinient. 

G.  Red.  1.  Anrora-rea  :  red  with  much  vellow;  some  realgar. — 2. 
Hyacinth-red:  red  with  yellow  and  some  brown  ;  hyacinth  garnet. — 3. 
Brick-red:  polyhalite,  some  jasper. — 4.  Scarlet-red :  bright  red  with  a 
tinge  of  yellow ;  cinnabar. — 5.  lilood-red :  dark  red  with  some  yellow ; 
pvrope. — 6.  Flesh-red:  feldspar. — 7.  Carmine-red:  pure  red;  rubv  sap- 
pliire. — 8.  Rose-red  :  rose  quartz. — 9.  Crimson-red :  ruby. — 10.  Peach- 
olossom-red:  red  with  white  and  gray;  lepidolite. — 11.  Cidwnhine-rtd : 
deep  red  with  some  blue ;  garnet. — 12.  Cherry-red :  dark  red  with  some 
blue  and  brown :  spinel,  some  jasper. — 13.  Brownish-red:  jasper,  limonite. 

11.  Brown.  1.  lieddish-hrown :  garnet,  zircon. — 2.  Clove-brown :  hvown 
with  red  and  some  blue ;  axinite. — 3.  Ilair-brown:  wckkI  opal. — 4.  Broc- 
coli-brown :  brown,  with  blue,  red,  and  gi-ay  ;  zircon. — 5.  Chest  nut-brow  Ji : 
pure  brown. — 6.  Yellowish-lirown :  jas[>er. — 7.  Pinchheck-brown :  yellow- 
wh-brown,  with  a  metallic  or  metallic-pearly  lustre;  several  varieties  of 
talc,  bronzite. — 8.  Wood-brown :  color  of  old  wood  nearly  rotten  ;  some 
specimens  of  asbestus. — 9.  Liver-brown :  brown,  with  some  gray  and  green ; 
jasper. — 10.  BUuikish-hrown  ;  bituminous  coal,  brown  coal. 

0.  Pectdiarities  in  the  Arrangement  of  Colors, 

Play  of  Colors. — An  appearance  of  several  prismatic  colore  in  rapid 
succession  on  turning  the  mineral.  This  property  belongs  in  perfection  to 
the  diamond ;  it  is  also  observed  in  precious  opal,  and  is  most  brilliant  by 
candle-light 
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i'hi..fjr.,f  C'J*»ri. — Ea'.-h  j'rir*:':".!:ir  «_•■.'. -r  ai':»:*fkr«  t. •  {-ervaiJe  a  larger 
si'fi'-T  l:.:i:i  :::  ::.•:•  :  IriVi.f  o-l-r-.  ;•.:.•:  \..^  t;'-«.:c— -:••::  I'rt.-^i'i^.-eJ  bv  tuniiiiff  the 

//y«iAx.v/,.-.  — A  iiiiiky  i.-r  {'^arlv  reri^.-ti'-n  fn:»m  the  interior  of  a  speci- 
ifif-!i.     ^>  r-»:-:v»ii  ill  :iMT!!e  "j-ft",  iti;-:  ::.  iju'V  trve. 

//•;./......,.. —  I'rv-.*::!::;^  {ri*:::*:;-  i-  '.■  r*  i:i  the  iiiterior  of  a  crystal. 

Th»-  rl:« :.'  ::i»::ii  vf  t!;e  i-luv  f.f  .-.  !..r*.  :i'"'ivs'.-e!:«-e.  etc..  are  s^jmetirae?  to  be 
exj.:;i: :.•••!  i«y  riif  ]'!v-i.-i,«.v  ••£  iiiir.r.re  f-  r«-:::!i  •.■rysral*.  iu  parallel  p*j6itioiis ; 
iii'tpr  I'*-:  -ra'.iy.  L- .wt.vi.-:-.  they  are  rriUv.-i  iy  the  pre?t.'iiee  «^f  line  cleavage 
larnellie.  iii  tL».*  li^'iit  reilerteJ  fn  'rr.  wi.ii.-h  ii.rtTferenee  takes  place,  analogous 
t'»  the  \vf!l-kii«-w:i  Ne\vt««rj's  riTsirs. 

T'trifi.<h. — A  nietall:«.*  ?:irfa»;e  h  tariiisheJ.  \rhen  its  w 'lor  differs  from 
tlifit  i.i!ir;i::i».-«l  i'V  t*ra<-ture  ;  Ex.  l-'ri-i^'e.  A  ?iirfaetr  jxissesfes  tlie  *^e7  tar- 
;i/V/.  wiii-ii  ir  ].n'-'-!it-  the  &;iperri«-::i!  Mr.e  cl-Ti-f  teni]»erc«i  steel:  Ex. 
rMlMiiii'irH.  TiiM  tar!i::rh  irr  >*/•'"■?-'/,  wiion  it  exhiMts  lixed  pri^nlatie  colors  ; 
Kx.  li(-ii!:irit».^  «'f  E'i!»a.  Thu.-e-  tarnish  a!.«l  iri?  fvl'jrs  <*i  iiiinerals  aii*  owing 
Xn  a  thill  ?:irljice  tihii.  ]»n.u:ee'i:iiir  fr-'in  fiifu-rent  s»>nrces,  either  fn»m  a 
r-liaiiir«-  in  r!ir  suriart- «•!*  t!:e  niiiiei-al,  '-r  t 'reiirn  iumistatiun  ;  hvdiiited  iron 
•  ixi'hf.  iisiiuliy  iViniied  fp'in  }»yrite.  is  uiic  **i  the  m«:»st  common  sources  of  it, 
and  ]»pidin*«s.thL-  ruh.rr?  ««n  aiithnicite  antl  humatire. 

^Ia^-/-/'.v,/<. — Tliis  name  i>  ^iven  to  the  peculiar  star-like  rays  of  light 
o!*.-erved  in  certain  dirfctiMTi?  in  s«.nie  minerais  by  rt-llected  or  transmitted 
liirlit.     Tiii-  is  rrt-L-n  in  the  f«inn  of  a  six  rayt-d  star  in  sapphire,  and  is  also 
well  shown   in   niiea  fruin  South  Ihiriress  Canada.     In  the  former  case  it— , 
ha-  licei!  artrilf.:t«'«J   by  Vol^rer  tti  a   n^ja-ateil  lamellar  twinning;  in  th 
orh'-r  ♦•a^*'.  i»y  \i**r,K.\  t«.f  \\\\:  ]»ri>eni-e  «'f  niinure  inrl«»SL'd  crystals,  wliich 
a   iiniaxial   ni'ra.  a«:«.*«»id;n:r  tu   L)t'?r(  hiizeaux.     Crystalline  planes,  whicln^ 
liJive  bt.«  n  artili'ialiy  i^rulifij.  also  >«'inftinn.'S  exhibit  asterism.     In  generaE,^ 
the  pheniini'-nun  is  ex}»lained  by  Srhrauf  as  raused  by  the  interference  ot:<:>      ^ 
the  liirlif.  due  r«)  tine  striati-ius  ^*y  :?*«ine  "tlier  eause. 

\V\}i)\\  the  above  subjects.  See  Literature,  p.  103. j 

PlIOSniORESCKNCE. 

Pho-]»hore?cence,*  or  the  emissinii  of  liirht  bv  minerals,  mav  be  prodnceo^> "^^^ 

I 

— e 

evolves  light  fr«»m  a  few  only  of  the  mineral  species. 

Jij/  hritt, — Fluoritc  is  highly  phosplK»reseent  at  tlie  tcmix?rature  of  300°  ]•"•»-  ^ 
Different  varieties  give  off  light  of  <lifferent  (*r»lors  ;  the  mlorophane  variety^-^^'^  * 
an  enieiald-green  light ;  others  piu'ple.  blue,  and  red^lish  tints.  This  phos^*^^^^ 
plioix'seenee  may  be  observed  in  a  dark  j>lace,  by  subjecting  the  pnlverirec>^=^"^ 
nn'neral  to  a  heat  l>elow  redness.  Some  varieties  of  white  limestone  oi^-^  ^' 
marble  emit  a  vellow  litrht. 


•  This  subject  has  Ixeu  iiivcstij^ated  by  Bfrq^unh  Ann.  Ch.  Phys.,  III.,  Iv.,  5-119,  1889 ^=^  r  ' 
r,  Mitth.  nat.  Ges.    B.-m.  I':f07,  G2 :  and  Uahn^  Zeitsch.  Ges.  nat.  Wio.    Bei^ 
181,  1874. 
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By  the  application  of  heat,  minerals  lone  their  phosphorescent  properties.  But  on  pansing 
electricity  t^x)ngh  the  calcined  mineral,  a  more  or  less  vivid  lij^ht  is  produced  at  jthe  time  of 
the  discharge,  and  subsequently  the  specimen  when  heated  will  often  emit  light  as  before. 
The  light  is  usually  of  the  same  color  as  previous  to  calcinacion,  but  occasionally  is  quite 
different.  It  is  in  general  less  intense  than  that  of  the  unaltered  mineral,  but  is  much 
increased  by  a  repetition  of  the  electric  discharges,  and  in  some  varieties  of  fluorite  it  may 
be  nearly  or  quite  restored  to  its  former  brilliancy.  It  has  also  been  foimd  that  some  varie- 
ties of  fluorite  and  some  specimens  of  diamond,  calcite,  and  apatite,  which  arc  not  naturally 
phosphorescent,  may  be  rendered  so  by  means  of  electricity.  Electricity  will  also  increase 
the  natural  intensity  of  the  phosphorescent  light. 

Light  of  the  s^m. — The  only  substance  in  which  an  exposure  to  the  light 
of  the  sun  produces  very  apparent  phosphoi-escence  is  the  diamond,  and 
some  specimens  seem  to  be  destitute  of  this  power.  Tliis  property  is  most 
striking  after  exposure  to  the  blue  rays  of  the  spectrum,  while  in  the  red 
rays  it  is  rapidly  lost. 


Pleochroism. 

IXichrovmh^  Trichroism, — In  addition  to  the  general  phenomena  of  color, 
which  belong  to  all  minerals  alike,  some  of  those  which  are  (^ystallized 
show  different  colors  under  certain  circumstances.  This  is  due  to  the  fact 
that  in  them  the  al)sorption  of  parts  of  the  spectrum  takes  place  unequally 
in  different  directions,  and  hence  their  color  by  transmitted  light  depends 
upon  the  direction  in  which  they  are  viewed.  This  phenomenon  is  called 
in  general  pl^ochroism, 

III  uniaxial  crystals  it  has  been  seen  that,  in  consecpience  of  their  crystal- 
l<igi'aphic  symmetry,  there  ai-e  two  distinct  values  for  the  velocity  of  light 
transmitted  by  them,  according  as  the  vibmtions  take  place, ^>a/w7W  ()r  at 
■^riaht  a7Ujl.es  to  tlie  vertical  axis.     Similarlv  the  crvstal  mav  exert  different 
degrees  of  absorption  upon  the  rays  vibrating  in  these  two  directions.     For 
example,  a  transparent  crystal  of  zircon  l(K>ked  through  in  the  direc^tion  of 
"•he  vertical  axis  appears  of  a  pinkish-brown  color,  while  in  a  lateral  direc- 
tion the  color  is  asparagus-green.     This  is  bewiuse  the  rays  (extraordinary) 
"vibrating  puraU^'l  to  the  axis  are  absorbed  with  the  exception  of  those 
"^ffhich  together  give  the  green  color,  and  those  vibmting  late  rally  (ordinary) 
*ire  absorbed  except  thovse  wiiich  together  appear  pinkish-brown. 

Again,  all  crystals  of  tourmaline  in  the  direction  of  the  vertical  axis  are 
^^paque,  since  the  ordinary  ray,  vibrating  normal  to  the  axis  /•,  is  absorbed, 
"X^hile  light-colored  varieties,  looked  through  laterally,  are  transparent,  for 
^ he  extraordinary  ray,  vibrating  parallel  to  r,  is  not  absorbed;  the  color 
Eiffel's  in  different  varieties.  Thus,  all  uniaxial  crystals  may  be  c/ic/troic, 
^:>r  have  two  distinct  axial  colors. 

Similarly  all  biaxial  crystals  may  be  trichrow.  For  the  ravs  vibratino-  iii 
"fche  directions  of  the  three  axes  of  elasticity  may  be  differently  absorbed. 
^'or  diaspore  the  three  axial  colors  are  azure-blue,  wine-yellow,"and  violet- 
Xjlue.  It  will  be  understood  that,  while  these  three  different  colore  are  pos- 
^ible,  they  may  not  exist;  or  only  two  may  be  prominent,  so  that  a  biaxial 
^oiineral  may  he  called  dichroic. 

In  order  to  investigate  the  absorption-pi-oi)erties  of  any  uniaxial  or  biaxial 

^rvBtal,  it  is  evident  that  sections  must  be  obtained  which  are  parallel  to  the 
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Intion,  have  different  colors,  corresponding  fo  tlie  direction  of  the  vibrations 
of  the  ordinary  and  extraordinary  ray  in  calcite.  Since  the  two  images  are 
ntaated  side  by  side,  a  very  slignt  difference  of  color  is  perceptible. 


Literature. — Pleochroism,  Asterism,  etc. 

Hatdinger.     Ueber  den  Pleoohroismus  der  Erystolle  ;  Pogg.  Ixv.,  1,  1845. 

Ueber  das  Schillern  der  KrystaUlliichen ;  Pogg.  Ixx.,  574,  1847;  Ixxi.,  821; 

Ixxvi.,  09,  1849. 

Beuseh.  Ueber  das  Schillern  gewisser  Krystalle  ;  Pogg.  cxvi.,  893,  1862;  oxviii,  256, 
1863:  cxx.,95,  1803. 

t>.  KfML    Ueber  Asterisinus;  Ber.  Ak.    MUnchen,  1863,  65. 

Hawthofer,    Dor  Asterismus  des  Galcites ;  Ber.  Ak.     Miinchen,  1869. 

Vogdsanff.     Sur  le  Labradorite  color6  ;  Arch.  Neerland.,  iii.,  83,  1868. 

Sehrauf.     Labradorit;  Ber.  Ak.,  Wien,  Ix.,  1809. 

Kosmnnn.  Ueber  das  Schillern  und  den  Dichroismus  des  Hyx>er8thens ;  Jahrb.  Min.,  1869, 
168,532;  1871,501. 

BoBt.     Ueber  den  AsterismuB  der  Krystallen  ;  Ber.  Ak.   Berlin,  1862,  614  ;  1869,  844. 


3.  Lustre. 

The  lustre  of  minerals  varies  with  the  nature  of  their  surfaces.  A  varia- 
tion in  the  quantity  of  light  reflected,  produces  different  degrees^of  intensity 
^f  lustre;  a  variation  in  the  nature  of  the  reflecting  surface  produces 
different  kinds  of  lustre. 

A.  The  kinds  of  liistre  recognized  are  as  follows : 

1.  Metallic :  the  lustre  of  metals.  Imperfect  metallic  lustre  is  expressed 
by  the  term  s^tfhmetaUi-c. 

2.  Adamantine :  the  lustre  of  the  diamond.  When  also  sub-metallic,  it 
is  termed  metallic-adarriantine,     Ex.  cerussite,  pyrargyrite. 

3.  Vitreous:  the  lustre  of  broken  glass.  An  imperfectly  vitreous  lustre 
is  termed  s-nb-mtreovs.  The  vitreous  and  sub-vitreous  lustres  are  the  most 
common  in  the  mineral  kingdom.  Quartz  possesses  the  former  in  an  emi- 
nent degree ;  calcite,  often  the  latter. 

4.  Resinoxcs:  lustre  of  the  yellow  resins.  Ex.  opal,  and  some  yellow 
varieties  of  sphalerite. 

5.  Pearly :  like  pearl.  Ex.  talc,  brucite,  stilbite,  etc.  Wlien  united  with 
Bub-metallic,  as  in  nvpersthenite,  the  term  metallic-pearly  is  used. 

6.  SiUcy :  like  silk ;  it  is  the  result  of  a  fibrous  structure.  Ex.  fibrous 
calcite,  fibrous  gyj)8um. 

i?.  The  degrees  of  intensify  are  denominated  as  follows: 

1.  Splendent :  reflecting  with  brilliancy  and  giving  well-defined  images. 
Ex.  hematite,  cassiterite. 

2.  Shining:  producing  an  image  by  refiection,  but  not  one  well  defined. 
Ex.  celestite. 

3.  Glistening :  affording  a  general  reflection  from  the  surface,  but  no 
image.     Ex.  talc,  chalcopvrite. 

4.  Olimmering :  affording  imperfect  reflection,  and  apparently  from 
points  over  the  surface.     Ex.  flint,  chalcedony. 

A  mineral  is  said  to  be  dull  when  there  is  a  total  absence  of  lustre.  Ex. 
dbalk,  the  ochres,  kaolin. 
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The  tnie  difference  between  metallic  and  vitreoiis  lustre  is  due  to  tlie 
effect  wl)ich  the  different  surfaces  have  upon  the  reflected  light ;  in  general, 
the  lustre  is  produced  hv  the  union  of  two  simultaneous  impressions  made 
ujKHi  the  eye.  If  the  light  reflected  from  a  metallic  surface  be  examined 
by  a  Xicol  prism  (or  the  dichroscope  of  Ilaidinger),  it  will  be  found  that 
lH)th  rays,  that  vibrating  in  the  plane  of  incidence  and  that  whase  vibra- 
tions are  normal  to  it,  are  ah'ko,  each  Iriving  the  color  of  the  material,  only 
diffenno  a  little  in  brilliancv  :  on  th«  w>ntrarv,  of  the  liffht  reflected  bv  a 
vitieous  substance,  those  rays  vvliose  vibrations  are  at  riglit  angles  to  the 
]>laTie  of  incidence  are  more  or  less  polarized,  and  are  colorless,  while  those 
whose  vibrations  are  in  this  plane,  having  penetrated  somewhat  into  the 
medium  and  suffered  some  absorption,  show  the  color  of  the  substauce 
itmU.  A  ])liite  of  red  glass  thus  examined  will  show  a  col(»rle8s  and  a  red 
image.     Adamantine  lustre  occupies  a  position  between  the  others. 

The  different  degrees  and  kinds  of  lustre  are  often  exhibited  differently  by  unlike  faces  of 
the  same  crystal,  biit  always  similarly  by  like  faces.  The  lateral  faces  of  a  right  square 
prism  may  thus  differ  from  a  terminal,  and  in  the  right  rectangular  prism  the  lateral  faces 
also  may  differ  from  one  another.  For  example,  the  basal  plane  of  apophyllite  has  a  pearly 
lustre  wanting  in  the  prismatic  planes.  The  surface  of  a  cleavage  plane  in  foliated  minerals, 
very  commonly  differs  in  lustre  from  the  Ri<le»,  and  in  some  cases  the  latter  are  vitreous, 
while  the  former  is  pearly.  As  shown  by  Haidinger,  only  the  vitreous,  adamantine,  and 
metallic  lustres  belong  to  faces  perfectly  smooth  and  pure.  In  the  first,  the  index  of  refrac- 
tion of  the  mineral  is  1  '3 — 1  '8  ;  in  the  second,  1*0 — 2*5 ;  in  the  third,  about  2*5.  The  pearly 
lustre  is  a  result  of  reflection  from  numberless  lamellaa  or  lines  within  a  translucent  mineral, 
as  long  since  observed  by  Breithaupt. 

IV.  HEAT. 

The  expansion  of  crystallized  minerals  by  heat  depends,  as  directly  as 
their  optical  ])roperties,  on  the  symmetry  of  their  moleeular  structure  as 
shown  in  their  cr\  stalline  form.  The  same  three  classes  as  before  are  dis- 
tinguished  : 

A.  Isoinetric  crystals,  where  the  expansion  is  hi  all  directions  alike. 

/y.  JsodiamHrio  crystaU,  of  tlie  tetragonal  and  hexagonal  systems.  Ex- 
pansion vertically  unlike  that  laterally,  but  in  all  latei-al  directions  alike. 

C.  An'iHoinotru\  of  the  orthorhombic,  monoclinic,  and  triclinic  systemft* 
p]xpansion  unlike  in  the  three  axial  directions.     The  expansion  by  heat  in 
the  case  of  crystals  may  serve  to  alter  tlie  angles  of  the  form,  but  it  ha 
been  shown  that  the  zone  relations  and  the  crystalline  system  remain  coi^     i 
stant. 


Mitscherlich  found  that  in  oalcite  there  was  a  diminution  of  8'  37'  in  the  angle  of 
rhombohedron.  on  passing  from  32"^  to  212°  F.,  the  form  thus  approaching  that  of  a  cabe, 
the  temperature  increased.     Dolomite,  in  the  same  range  of  temperature,  diminishes  4'  4^^ 
and  in  aragonite,  between  03^  and  212^  F.,  the  angle  of  the  prism  diminiahee  2'  46  \ 
1-f  :  \A  increases  5  30  ;  in  gypsum,  /:  i-\  iH  increased  5  24",  /:  1,  4'  12',  and  !•♦;  f-» 
diminished  7  24*.    In  some  rhombohedrons,  as  of  calcite,  the  vertical  axis  is  lengthei 
(and  the  lateral  shortened),  while  in  others,  like  quartz,  the  reverse  is  true.     The  Tariat 
is  such  either  way  that  the  double  refraction  is  diminished  with  the  increase  of  heat ;  ^ 

calcite  possesses  negative  double  refraction,  and  quartz,  positive. 


The  conductive  power  of  a  crystal  depends,  as  does  expansion,  on  -^be 
mtnetry  of  its  crystalline  form ;  this  is  also  true  of  its  power  of 
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mitting  or  absorbing  heat.     It  follows,  moreover,  from  the  analogous  nat\ 
of  heat  and  li<rht,  that  heat  ravs  are  ix»larizeil  bv  refld'tioiuaiid  bv  tnmsniissi 
in  anisotrope  media,  in  the  same  way  as  the  rays  of  light.     Tliese  subjec 
Gonsidered  s<ilely  in  their  relation  to  Mineralogy,  are  of  nn'nor  imjH^rtane* 
thej  belong  to  works  f)n  Phvsics,  and  reference  may  l)e  made  to  thoj 
whose  titles  are  given  in  the  Introduction,  as  also  to  the  works  of  Schrai; 
aud  Groth. 

Tlie  change  in  the  optical  pr^>pei'tio8  of  crystals  produced  by  heat  ha 
already  been  noticed  (p.  153). 


V.  ELECTRICITY— MAGNETISM. 

The  electric  and  magnetic  characters  of  crystals,  as  their  relations  to  heat, 
bear  but  slightly  upon  the  science  of  mineralogy,  although  of  high  interest 
to  the  student  of  physicrs. 

Ff'ictioruU  eheti^wifij. — Tlie  development  of  electricity  hy  frtiiion  is  a 
familiar  fact.  All  minerals  become  electric  by  friction,  although  the 
degree  to  which  this  is  manifested  depends  nj>on  their  conducting  or  non- 
conducting |X)wer.  Therc  is  no  line  of  distinction  among  minerals,  divid- 
ing them  into j}ffMif!rf*If/  electric  an<l  negath^elf/  electric;  for  both  kinds  of 
electricity  may  be  presented  by  diflFei*ent  varieties  of  the  same  s]>ecies,  and 
by  the  same  variety  in  differcnt  states.  The  gems  are  jK^sitivcly  electric 
only  when  polished  ;  the  diamond  alone  among  them  exhibits  positive  elec- 
tricity whetlier  polished  or  not.  The  time  of  retaining  electric  excitement 
is  widely  diflferent  in  different  siKicies,  and  topaz  is  remarkable  for  continu- 
ing excited  many  hours. 

T^ressure  also  develops  electricity  in  many  minerals ;  calcite  and  topaz 
are  examples. 

Pj/r(}-Hectricity. — A  decided  change  of  tem|>erature,  thi-ongh  heat  or 
cold,  develops  electricity  in  a  large  numl>er  of  minerals,  which  are  hence 


^\eA  j}yrih^UctHc,  This  projveity  is  most  decided,  and  was  tii*st  observed 
in  a  series  of  minerals  which  are  hemimorphic  or  hemiiiedral  in  their 
development  The  electricity  in  these  minerals  is  of  op})t>sitc  character  in 
the  parts  dissimilarly  m<Klitied.  Thus  in  tourmaline  and  calamine,  the 
crystals  of  which  ai-e  often  diffei-ently  modified  at  the  two  extremities,  posi- 
tive and  negative  electricity  are  develoi>ed  at  tlu^so  extremities  or  poles 
respectively.  When  the  extremity  becomes  positive  (»n  heating  it  Inu*  heen 
called  the  analotjue  pole,  and  when  it  becomes  negative,  it  has  be(;n  called 
the  afitilogue.  The  names  were  given  by  I^^se  and  liiess,  who  investigated 
these  phenomena.  For  a  change  of  temperature  in  the  opposite  direction, 
that  is,  cooling,  the  reverse  elc(!trical  effect  is  observed. 

Bciracite,  on  whoBC  crystals  the  -h  and  —  tetrahedrons  often  occur,  shows 
by  heating  the  positive  electricity  for  the  faces  of  one  tetnihedi*on  and  the 
negative  for  those  of  the  other. 

Further  investigations  by  Ilankel  and  others  (see  Literature)  have  ex- 
tended the  subject  and  shown  that  the  phenomena  of  pym-electricity  belong 
to  the  crystals  of  a  large  number  of  species,  iloreover,  it  is  not,  as  once 
Bnpposed,  essentially  connected  with  hemiiiedral  dcveh>{)ment.  The  num- 
ber of  poles,  too,  may  be  more  than  two,  that  is,  the  points  at  which  posi- 
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*..-',-.  -s.  V  .. /;.j.  Mild  rii-!n:itii.  iiiii  o.i:--«-j  ici::ly  l.y  liif'.ii  a  slr«.n«rer  stri-aui 
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J'  '.ii-  'r^iriy  '/ii-f.-rved  tiiJi-  >*i:iif  iiiinenils  iinve  varieiit-s  wliich  are  iKtth 
•  ?i  ,'J  -.  Tiii-  iiif'l  wiLS  niud*.*  ii>L-  ot  l»y  Hum*  To  ?iiti\v  a  ixdutti.tn  l»etweeii 
U.i'  p..-  fiiid  niinu-  ijeinihedial  varietii'Sof  {'yritc  and  cobaltite.  The  later 
ir:  'r-v:r!ifi'.i.^  of  Schraiif  and  Dana  liavt-  thown,  however,  that  the  same 
y*:":,.'..x\V\  !iflon;r-  aUo  to  ^djinc.Klot.  ternulyinite.  >kutteiiidite.  danaite,  and 
«/;.'r  Wiii.'-ral-.  and  it  i^  denion>t  rated  l»y  them  that  it  eannot  be  dependent 
u\)',.\  'T-.-rjiliine  form,  hut,  on  tlio  eoiitrarv,  u[kj!i  eheinical  etnnjK^sition. 

M  •.'/•. f. If- M. — The  magnetic  i»ri»j»erties  of  i;iy>rals  are  theoretieally  of 
in*<-p'-t,  '\ui'*;  they,  t«i<;,  like  theojitieal  and  thfiinie.  are  directly  dependent 
i.|^'!j  rhe  lorni  ;  hence,  with  relation  to  ma';neti&m  they  gnmp  tliemscives 
into  fli»-  -ame  three  *'la.^.>«'s  before  referred  to. 

Ali  -iil».-tjin«'cs  are  divided  into  two  classes,  the  ^//w;w</^/?^^/f  and  </ia- — 
)r//y///// '///'.  accordiiiir  as  they  are  attracted  or  i-epelled  by  the  jHiles  of  a  ina^ — 
net,     I'or  pnrjK».-en  of  experinient  the  substance  in  question,  in  the  form 
H  vA,  i-  !-u-p(;nded  between  the  poles  of  the  magnet,  being  movable  on 
h'iri/'»nf;il  a\Is.     If  of  the  first  <:la<s,  it  will  take  a  ]>osition  jHiraUtfj  and 
of  til*;  'ti-tttnl  elass,  //v////<7>/*x/'j  to  the  magnetic  axis. 

I'y  the  ii-e  of  a  >pliere  it  is  jH»ssible  to  determine  the  relative  amount 
nia;rii«:tirr  induction  in  different  directions  of  the  same  substance.     Expe 
ment    ha-   --hown   that   in    imnuetrir  crystals  the  ma^^netism  is  alike  in 
diref'tjon-  ;  in  tlM^M;  optically  uniaxial,  that  there  is  a  direction  of  maximi 
and.  normal   to  it,  one  of  miniimim  magnetism  ;  in  biaxial  crystals,  tl 
tlntie  arc  thn;e  unequal  axes  of  nuignetism,  the  position  of  which  may 
deterniinerl. 

A  few  niinctrals  have  iIhj  power  of  exerting  a  sensible  influence  upon 
magnetir*  ne<fdl«j,  aiid  are  hence  said  to  be  magnetic.     This  is  true  of  m\ 
iMJlitc  and  pyrrliotite  (niagnetic  pyrites)   in  ]>articular,  also  of  franklini 
andite,  and  otlntr  minftrals,  containing  considerable  iron  protoxide  (Fe< 
Biicli  ininuraib  in  one  part  atti*act  and  in  another  repel  the  pules      ^ 
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the  maguet,  they  are  said  to  possess  ^2c/W/y.    This  is  true  of  the  varie\ 
magnetite  called  iu  popular  language  loadstone. 

LiTEBATURE.— ElECTBICITT. 
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Bo$6  If.  met,    Ueber  die  Pyro-Electricitat  der  Mineralien  ;  Ber.  Ak.    Berlin,  184^^ 

-^—    Ueber  den  ZoBammcnhaug  zwischen  der  Furm  uud  der  eloktrischeu  Polaritat  c 
KiyataUe:  Ber.  Ak.    Berlin.  1880. 

«.  KobaL     Ueber  Mineml-Elcctricitat ;  Pogg.,  cxviiL,  504,  18G3. 

Bungeu,     Thermo-Ketten  von  grosser  Wirksumkoit ;  Pogg.,  cxxiii.,  505,  1804. 

PrMUL     Sur  les  proprietes  pyro-electriquu  des  Cristaux  bons  conducteim  de  Telectridte 
Ann.  Ch.  Phyu.,  IV.,  xvii.,  7»,  1809. 

Ro9e,     Ueber  den  Zasammenbang  zwiBchen  hemiedriKcher  Krystallform  und  tbermo-elek 
triflchem  Yerhalten  beim  Eisenkics  uud  Kobaltglonz  ;  Pogg.,  cxlii.,  1,  1871. 

Sehraufu.  E.  S.  Dana.  Ueber  die  th>  rino-elektriscben  Eigeuschaften  von  Mineralvarie- 
tften;  Ber.  Ak.    Wien,  Ixix.,  1874  (Am.  J.  Sci.,  III.,  viii.,  230). 

Hankei.  Ueber  die  thcrmo-clektrischen  Eigeuschaften  des  Boracites  ;  Siichfl.  Ges.  Wiss., 
Ti,  151.  1865;  ibid.,  viii.,  823,  18<i0;  Topaz,  ix..  1870,  359;  10  Abbandluug,  1872,  24;  cal- 
die,  beryl,  etc.,  1870. 

On  MAONKTidM  reference  may  be  made  to  Faradav  (Exi)erimental  Besearchcs);  Tyndall, 
PhiL  llag. ;  Knoblaach  and  Tyndall,  Pogg.,  Ixxxi.,  481,  4'J8  ;  Ixxxiil,  384  ;  PtlQcker,  Pogg., 
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VI.  TASTE  AND  ODOR. 

In  their  action  uiK>n  tlie  senses  a  few  iniiiemls  possess  taste,  and  otliei-s 
txnder  some  circuiiistunces  <^ive  off  o</o/\ 

Tabtk  beloiij^  only  to  sohil>le  minerals.  The  difiFercnt  kinds  of  taste 
*^<iopted  for  i-efereueo  are  as  follows : 

1.  Astriiujent  /  the  taste  of  vitriol. 

2.  Stoeetiw  a^trinyeut ;  taste  of  alum. 

3.  Saline ;  taste  <.)f  common  salt. 

4.  Alkaline  ;  taste  of  soda. 

6.  Cooling ;  taste  of  saltpeter. 

6.  Bitter ;  taste  of  epsom  salts. 

7.  Sour  :  taste  of  sulphuric  acid. 

Odor. — Excepting  a  few  gaseous  and  soluble  species,  minerals  in  the  drj 
Unchanged  state  do  not  give  off  odor.  By  friction,  moistening  with  the 
^reath,  and  the  elimination  of  some  volatile  ingredient  by  heat  or  acids, 
^>dor8  are  sometimes  obtained  which  are  thus  designated : 

1.  Alliaceous  /  the  odor  of  garlic.  Friction  of  ai-scnical  iron  elicits  this 
^>cior;  it  may  also  be  obtained  fi-om  arsenical  comix^unds,  by  means  of  heat. 

2.  ITorse-radish  odor  /  the  odor  of  decaying  hoi-se-radish.  This  odor  is 
strongly  perceived  when  the  ores  of  selenium  are  heated. 

3.  Sulphureous ;  friction  elicits  this  odor  fix)m  pyrite  and  heat  fn>ni 
^Haiiy  sulphides. 

4.  JSitumifwus  J  the  cnlor  of  bitumen. 

5.  Fetid  ^  the  odor  of  sulphuretted  hydrogen  or  rc^tten  eggs.     It  is  eli- 
cited by  friction  from  some  varieties  of  quartz  and  limestone. 

6.  Argillaceous  /  the  odor  of  moistened  day.     It  is  obtained  from  ser- 
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pentiiie  and  some  allied  miDerak.  after  moisleiiiiig  them  with  the  breath- 

others,  as  pyrargillite.  afFord  it  when  heated.  ' 

The  Feex  is  a  cliaracter  which  is  c<?casionallv  of  gome  importance  :  it  is 
eaid    to   be  *//j<x>M  i^sepiolite..  </rra^y  « talc  u  AJr*/i,  or  M^a^re.  etc    'Sorne 
minerals,  in  consequence  of  their  hvgroBcopic  character,  o^^&cryf  ^  t/^  tongue 
wlicii  brought  in  contact  with  iL  ^    ' 
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Minerals  are  either  the  nncombined  elements  in  a  native  state,  or  com- 
poauds  of  these  elements  formed  in  accordance  with  chemical  laws.  It  is 
the  obieet  of  Chemical  Mineralogy  to  determine  the  chemical  compositiou 
of  each  species ;  to  show  the  chemical  relations  of  different  species  to  each 
other  where  such  exist ;  and  also  to  explain  the  methods  of  distinguishing 
different  minerals  by  chemical  means.  It  thus  embi*aces  the  most  import- 
ant part  of  Determinative  Mineralogy. 


Chebucal  CoNSTrruTioN  of  Minerals. 

In  order  to  understand  the  chemical  constitution  of  minerals,  some 
knowledge  of  the  fundamental  principles  of  Chemical  Philosophy  is 
required  ;  and  these  are  here  briefly  recapitulated. 

Chemical  etertients. — Chemistrv  reco^rnizes  sixtv-four  substances  which 
cannot  be  decomposed,  or  divided  into  others,  by  any  processes  at  pi-esent 
known;  these  substances  are  called  the  chemical  elements.  Or  these 
oxygen,  hydrogen,  and  nitrogen  ai*e  fixed  gases ;  chlorine  and  fluorine  are 
generally  gases,  but  may  be  condensed  to  the  liquid  state ;  bromine  is  a 
volatile  liquid ;  and  the  rest,  under  ordinary  conditions,  quicksilver  excepted, 
are  solids.  Of  these  last  carbon,  phosphorus,  arsenic,  sulphur,  boron,  (tel- 
Inrinm),  selenium,  iodine,  silicon,  genomlly*  rank  as  non-metallic  elements, 
and  the  others  as  metallic. 

MoUcules  ;  Atoms, — By  a  mcHecuts  is  understood  the  smallest  portion  of  a 
subetance  which  possesses  all  the  properties  of  the  matter  itself ;  it  is  the 
smallest  division  into  which  the  substance  can  be  divided  without  loss  or 
change  of  character.  The  molecule  of  water  is  the  smallest  conceivable 
particle  which  can  exist  alone,  and  which  has  all  the  properties  of  water. 
An  (Uom,  is  the  smallest  mass  of  each  element  which  enters  into  combina- 
tion with  others  to  form  the  molecule.  Thus  two  chemical  units,  or  atoms, 
of  hydr<^n  unite  with  one  atom  of  oxygen  to  form  tXia  jyhysical  unit,  or 
molecule,  of  water. 

Atomic  weights. — The  relative  weights  of  the  chemical  units,  or  atoms, 
of  the  different  elements  are  their  atomic  weights.     For  the  sake  of  uni< 
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f  orinity  the  atom  of  hydrogen,  the  lightest  of  all  tlie  elements  has  been 
adoDted  as  the  standard  or  unit.  The  absolute  weight  of  the  atoms  cannot 
l>e  determined  ;  but  their  relative  weight  can  in  many  cases  be  fixed  beyond 
c£uet»tion.  When  the  elements  are  gases,  or  form  gaseous  compounds  the 
utoniic  weights  ai-e  determined  directly.  Thus  in  hydrochloric  acid'  ^aa 
there  are  ecjual  volumes  of  hydrogen  and  chlorine,  or,  chemically  expi-es^d 


SO  that  other  metluHls  are  applied  wdiich  need  not  be  here  detailed. 

Tlie  following  table  gives  the  atomic  weights  of  the  elements.  The  symbols 
used  to  re{)resent  an  atom  of  each  element  are  shown  in  the  table ;  in  most 
caseH  they  are  the  initial  letter  or  letters  of  the  Latin  name.    When  liiore  thRn 


casi 
one 
small 


3  atom  18  involved  m  the  formation  ot  a  compound,  it  is  indicated  by  a 
all  index  number  placed  below,  to  the  right:  as  S^Og,  which  signified  2 


V)ei(jht8  of  the  different  elements. 


Atomic  Weights. 


Aluminnm 

Al 

27  3 

Cobalt 

Co 

Antimouj 

8b 

122 

Columbium  (Niobium) 

Cb   (Nb) 

Ardenio 

As 

76 

Copper 

Cu 

liarium 

Ba 

137 

Didymium* 

D 

BiHinuth 

Bi 

208 

Erbium 

E 

liorou 

B 

11 

Fluorine 

F 

Bromine 

Br 

80 

Gallium 

Oa 

Cadmium 

Cd 

112 

Glucinum 

0 

Ca^^ium 

Cs 

133 

Gold 

An 

Calcium 

Ca 

40 

Hydrogen 

H 

Carbon 

C 

12 

Indium 

In 

Cerium  • 

Ce 

02 

Iodine 

I 

Chlorine 

CI 

85-5 

Iridium 

It 

Chromium 

Cr 

• 

52 

Iron 

Fe 

94 
68*4 
96-5 
112-6 
19 

9 

196 

1 

118*4 
127 
198 
56 


*  By  the  determination  of  the  specific  heats  of  cerium,  didymium,  and  lanthanum,  Dr. 
Hillebrand  has  shown  recently  that  the  oxides  of  the  three  metals  are  setgtiioceidet  (Cetd' 
*"'  0»,  LasOa),  and  corresponding  to  them  the  atomic  weights  should  be  C«  =  188,  Di  ss 
■"  La  =  139.     (Pogg.  Ann.,  dviii.,  71,  1876.) 
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La 

92  5 

Selenium 

Se 

79 

Lead 

Pb 

207 

Silver 

Ag 

108 

Lithium 

Li 

7 

Silicon 

Si 

28 

Magnesiam 

Mg 

24 

Sodium 

Na 

23 

Manganese 

Mn 

55 

Strontium 

Sr 

88 

Mercnry 

Hg 

200 

Sulphur 

S 

H2 

Molybdenom 

Mo 

90 

Tantalum 

Ta 

182 

Nickel 

Ni 

-59 

Tellurium 

Te 

138 

Nitrogen 

N 

14 

Thallium 

Tl 

204 

OHinium 

Os 

200 

Thorium 

Th 

281 

Oxygen 

0 

10 

Tin 

Sn 

118 

Pallodiam 

Pd 

106 

Titanium 

Ti 

50 

PhoephoxtiB 

P 

31 

Tungsten 

W 

184 

Platinnm 

Pt 

198 

Uranium 

U 

240 

Potaflsinm 

K 

39 

Vanadium 

V 

51  4 

Rhodium 

Bo 

104 

Yttrium 

Y 

01-7 

Rubidium 

Rb 

85-4 

Zinc 

Zn 

65 

Bnthenium 

Ru 

104 

Zirconium 

Zr 

90 

Atomuntf/  ;  Quantivalence. — The  combining  }M)wer  of  each  element  is 
jneaAiired  by  the  number  of  hydrogen  atoms  with  whidi  it  combines  in 
iforming  a  chemicjil  comixmnd.  In  hydix>chloric  acid  (HCl),  one  atom  of 
Jiydrogen  combines  with  one  of  clilorine ;  in  water  (I I./)),  two  atoms  of 
liydrogen  e<^>mbine  with  one  of  oxygen  ;  in  annnoiiia  (IIsN),  three  atoms  of 
lydrogen  combine  w-ith  one  of  nitrogen;  and  in  marsh  gas  (II4C),  four 
mtoins  of  hydrogen  ai*e  required  to  enter  into  combination  with  one  carbon 
sitoni. 

By  the  examination  of  compounds  of  all  the  elements  we  are  able  to  fix 
^he  c<imbining  power,  or  quantivalence^  of  each,  expressed  in  hydmgen 
'units.  All  those  elements  which  coml)ine  with  otu:  atom  of  hydrogen,  or 
«n  element  which  (like  chlorine)  has  the  siime  quantivalence,  ai-e  called 
-^Tioiifuh  /  those  which  require  two  of  hydrogen,  or  two  other  monad  atoms, 
:in  forming  the  compound,  are  called  (hjaih  ;  those  uniting  with  three  atoms 
«')£  hydrogen  are  called  triads  ;  and  tiimilarly  tetrad}*^  j}entads^  hexads^  and 

TThe  adjective  terms  umvalent^  bivalent s  tHvalent^  qiuulri volenti  etc.,  are 
Cilso  emjHoyed  with  similar  meaning.  Atoms  havhig  the  same  degree  oi 
quantivalence  are  said  to  be  equivalent;  this  is  true  of  N a  and  Iv,  both 
'^nonads,  and  they  may  replace  each  other  in  similar  compounds ;  but  it 
2*equires  two  sodium  atoms  to  be  equivalent  to  one  calcium  atom,  since  the 
latter  is  a  dyad. 

The  degree  of  quantivalence  may  vary  for  many  of  the  elements  in 
c3ifferent  compouncls;  for  example,  in  FeO  or  FeS,  iron  (Fe)  is  bivalent, 
since  it  satisfies  or  is  combined  with  simply  a  dyad ;  in  FeSa,  it  is  quadri- 
valent, since  it  is  united  to  two  atoms  of  a  dyad;  and,  similarly,  in  [FeJOa 
it  is  sexivalent  (for  the  double  atom). 

Perissadsj  Artia^la, — Those  elements  wlK)se  atoms  have  an  odd  quanti- 
valence (I,  III,  V,  or  VII),  are  cMcd  jf)eriftftadrH  /  those  whose  quantivalence 
is  even  (II,  IV,  VI)  are  called  artiadi.  These  terms,  perissud  and  artiad, 
are  derived  from  weptaao^  and  aprio^^  the  words  for  odd  and  even  in 
ancient  arithmetic.  The  following  table  gives  the  division  of  the  ele- 
ments into  these  two  classes,  and  shows,  also,  the  quantivalence  of  each  ele- 
ment : 
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PEBIRAAD& 

Artiadb. 

Monads : — 

Dyads : — 

Tetrads  /— 

Hydrogen. 

Oxygen. 

Carbon, 

n,rv. 

Sulphur,      II, 

rv, 

VL 

Silicon. 

Fluorine. 

Selenium,    II, 

IV, 

VL 

Titanium, 

II,  rv. 

Chlorine,   I, 

III.  V,  VIL 

Tellurium,  II, 

iv, 

VL 

Tin, 

II,  IV. 

Bromine,   I, 

111,  V,  VII. 

%     ' 

Iodine,       I, 

ITT,  V,  VIL 

Calcium,      II, 
Strontium,  II, 

rv. 
rv. 

Thorium, 
Zirconium. 

Lithinm. 

• 

Barium,       II, 

IV. 

Sodium, 

I,  III. 

Platinum, 

II,  IV. 

Potaftjium, 

I,  TTI,  V. 

Magnesiam. 

Palladium, 

U,  IV. 

Rubidium. 

Zinc. 

Ca3sium. 

Cadmiuni. 

Lead, 
Indium. 

n,  rv. 

Silver, 

I,  III. 

Glucinum. 

Thallium, 

I,  III. 

Yttrium. 
Cerium. 

Haeads  ;— 

Molybdenum 

,  n,  TV,  VL 

Triad/t:— 

Lanthanum. 

Tungsten, 

IV,  VL 

Nitrogen, 

I,  III,  V. 

Didymium. 

Phoephorus. 

I,  III,  V. 

Erbium. 

Ruthenium, 

IL  rv,  VI. 

Arsenic, 

I,  III,  V. 

Mercury    [Hgal". 

IL 

Rhodium, 

II,  IV,  VL 

Antimony, 

Ill,  V. 

i" 

IL 

Iridium, 

II,  IV,  VI. 

Bismuth, 

Ill,  V. 

vupptu        L^^usj    » 

Osmium, 

II,  IV,  VI. 

Boron. 

Aluminum, 
Chromium, 

IV,  [Al,]vi. 
II,  IV.  VL 

Gold, 

I,  in. 

Manganese, 

II,  IV,  VL 

Pentads  :— 

Iron, 

II,  IV,  VI. 

Golnmbium. 

Cobalt, 

ILLV. 

Tantalum. 

• 

Nickel, 
Uranium, 

II,  IV. 

n,  rv. 

Vanadium,         III,  V. 

The  general  divisions  of  chemical  compounds  now  accepted  are  as  fol- 
lows. 

1.  Binaries^  "vhevQi  the  atoms  are  directly  united.  Examples  are  given 
by  the  compounds  of  a  positive  (basic)  element  with  oxygen  (Na20,  CaO, 
CO2),  called  oxidiis  /  those  with  snlphur,  chlorine,  bromuie,  iodine,  etc., 
called  sulphideH^  Moriden^  etc.  Binary  compounds  of  a  negative  element 
with  hydrogen  (as  IICl,  IlBr)  form  acids. 

2.  Ternaries^  where  the  atoms  are  nnited  by  means  of  a  third  atom,  as 
oxygen,  sulphur,  etc.,  as  CaS()4,  Mg2^i^^4)  etc. 

Among  minerals  there  are  three  classes  of  compounds :  (1)  The  Native 
Elements  ;  (2)  Binary  compounds,  including  the  sulphide^^  oxidss^  cMoriden^ 
iodides  ^fluorides  ;  (3)  Ternary  com[)onnds,  incluaing  sidph-arsenites^  etc., 
hj/drate8  (hydrated  oxides),  silicates^  mostly  salts  of  the  acids  Il4Si04  and 
HjSiOs,  tantalates,  colnmbates,  ])hosphate8,  ai-senates,  sulphates,  chromates, 
carbonates,  etc.  The  full  enumeration  of  these  compounds,  with  their  gen- 
eral chemical  formulas,  are  given  in  the  synopsis  which  precedes  the 
Descriptive  Mineralogy. 

The  position,  of  water  in  the  comjws^ition  of  minercds, — Many  minerals 
lose  water,  especially  upon  the  ai)plication  of  heat.  With  some  of  these  it 
is  given  off  upon  mere  exposure  to  dry  air  at  ordinar}'  temperature,  and 
such  crystals  are  said  to  effloresce  /  others  lose  water  when  they  are  pla«*«d 
in  a  desiccator  over  sulpliuric  acid,  or  when  they  are  subjected  to  a  slightly 
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elevated  temperature;  with  others,  again,  a  greater  heat  is  required;  and 
with  a  few  silicates  water  is  yielded  only  upon  long  continued  heating  at  a 
very  high  temperature.  It  is  evidently  p)ssil)le  that  either,  (1)  the  mineral 
contains  water  as  such,  or  (2)  the  water  is  formed  by  the  process  of  decom- 
p<»siti()n  caused  by  the  application  of  heat.  In  the  ca^^es  Hi-st  mentioned, 
where  water  is  readily  given  off,  it  is  believed  that  the  water  actually  exists 
as  such  in  the  compound.  It  is  found  that  many  salts  take  up  water  when- 
they  crystallize,  and  in  some  cases  the  amount  of  water  depends  upon  the ' 
temperature  at  which  the  salt  is  formed;  this  water  is  called  water  of 
cryntaUizatlon,  For  example:  manganous  sulpliato  has  thi-ee  definite 
amounts  of  this  water  of  crystallization,  according  to  the  temperature  at 
which  it  has  been  formed.  When  crvstallized  below  7*^,  its  composition  is 
MuSOi  +  TIIjO;  between  V  and  20%  MnS04  +  5U2();  and  between  20° 
and30°,  MnS{)4  +  4lIp. 

In  those  cases  where  a  verv  high  temperature  is  required  to  make  a  Iops 
of  water,  it  is  quite  certain  the  water  has  no  place  as  such  in  the  original 
constitution,  but,  on  the  contrary,  that  the  mineral  contains  basic  hydrogen, 
replacing  the  other  basic  elements.  In  some  cases,  where  part  of  the  water 
is  yielded  at  a  low  and  the  rest  at  a  very  high  temperature,  this  shows  that 
a  difference  exists  in  regard  to  the  part  which  the  water  plays  in  the  two 
cases  ;  for  example,  crystallized  sodium  phosphate  yields  readily  24  equiva- 
lents of  w^ater,  wmile  the  remaining  1  molecule  is  given  off  only  at  a  tem- 
1>erature  l)etween  300°  and  400"  ;  from  this  it  is  concluded  that  in  the 
atter  case  the  elements  forming  the  water  exist  actually  in  the  salt,  and 
that  it«  composition  is  : 

Il2Na4P208  +  24aq. 

The  part  played  by  the  water  in  the  silicates  is  in  most  cases  still  unde- 
cided, though  in  many  species  the  hydixigen  is  undoubtedly  basic.  The 
latter  is  doubtless  true  of  manv  of  the  so-called  hvdrous  silicates.  The  views 
C!ommonly  held  in  regard  to  them  will  be  gathered  from  the  descriptive  part 
of  this  work. 

Cheniituil  fornvihiH  for  ininerah. — A  chemical  formula  expresses  the 
relative  amounts  of  the  different  elements  present  in  the  conqK)und,  in 
terms  of  their  atomic  weights — or,  in  other  words,  more  strictly  the  number 
of  atoms  of  each  element  in  a  given  molecule  with  or  without  the  expression 
of  their  probable  grouping. 

Eiapirical  formaluH  simply  state  in  the  briefest  form  the  result  of  the 
analysis,  giving  the  number  of  atoms  of  each  element  present  without  any 
theoretical  considerations.  For  example,  the  empirical  fornuda  of  epidote 
is  Si5A:l8Ca4lI/)a6. 

Tlie  object  of  the  rational  formulas  is  to  express  not  only  the  inimber  of 
atoms  of  each  element  present,  but  also  their  probable  method  of  grouping, 
and  relation  to  each  other,  in  the  uK^lecule.  These  are  called  typical  for- 
iniilnf^  when  the  attempt  is  made  to  arrange  the  atoms  in  accordance  with  the 
type  of  water,  or  some  other  type. 

In  the  rational  formuUis  of  the  old  chemistry  the  oxygen  (or  sulphur) 
was  api)ortioned  to  the  several  elements,  according  to  their  combining 
power,  and  the  basic  and  acid  oxides,  or  sulphides,  thus  obtained  were  writ- 
ten consecutively.     For  example,  the  formula  of  woUastonite  (calcium  sili- 
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cate),  according  to  the  old  dnalistic  method,  was  written  CaO,  SiOg,  and 
of  anhydrite  (calcium  sulphate),  CaO,  SOg.  The  principles  of  the  new 
chemistry  have  set  aside  these  rational  fornmlas ;  but  as  others  consistent 
with  the  new  principles  now  adopted  have  not  in  all  cases  been  accepted, 
it  is  customary  to  give  the  formulas  of  minerals  empirically.  For  those 
above  the  empirical  formulas  are  CaSiOs  and  CaSOi. 

Relation  between  the  oM  and  neio  systems, — The  points  of  difference 
between  the  old  and  new  chemistry  have  already  been  hinted  at.     The 

Principal  chansjes  which  have  been  introduced  by  the  latter  are :  (1)  The 
oubling  of  all  the  atomic  weights,  except  those  of  the  monad  elements, 
and  also  of  bismuth,  arsenic,  antimony,  nitrogen,  phosphorus,  and  boron, 
whose  oxides  are  now  written  Bi^Og,  instead  of  BiOg,  etc.     Correspondin 
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to  this  change,  binary  compounds  involving  the  monad  elements  are  writ- 
ten :  ir20  instead  of  llO,  ^Sa./)  for  NaO,  NagS^etc,  also  CaClg  instead  CaCl, 
SiFi  instead  of  SiF2,  and  so  (m.  (2)  The  method  of  viewing  the  composi- 
tion of  ternary  comj>ounds — these  being  now  regarded  not  as  compounds 
of  an  oxide  and  a  so-called  acid,  but  as  compounds  for  the  most  part  of 
the  several  elements  concerned,  and  hence  a  metal  in  a  compound  is 
believed  to  be  replaced  by  another  metal,  not  one  oxide  by  another.  Ilencte 
we  say  calcium  carbonate,  or  carbonate  of  calcium  instead  of  carbonate  of 
lime,  and  write  the  formula  CaCOa,  not  CaO,  COj;  and  so  in  the  other 
cases. 

lieplucing  power  of  the  different  elements. — It  has  been  mentioned 
that  tlie  replacing  power  of  the  elements  is  in  proportion  to  their  combining 
power,  that  is,  to  their  quanti valence.  For  example,  one  atom  of  Mg  or 
of  Ba  may  replace  one  atom  of  Ca,  all  being  dyads  ;  but  two  atoms  of  Na 
(jnonad)  are  required  to  replace  one  of  Ca;  similarly  three  dyad  atoms  are 
equivalent,  or  may  replace,  one  hexad  atom,  thus,  3Ca  =  [AI2]. 

The  relation  of  the  different  oxides  may  be  understood  from  the  follow- 
ing scheme,  in  which  the  above  principle  is  made  use  of.  The  line  A 
below  contains  the  different  kinds  of  oxides.  B  the  same  divided  each  by 
its  number  of  atoms  of  oxygen  (tliat  is,  severally,  for  the  successive  terms, 
by  1,  3,  2,  5,  t3,  7,  4),  by  which  division  they  are  reduced  to  the  protoxide 
form.     C  the  basic  elements  alone : 


A 

RO 

Wiy 

E0» 

E«0» 

EO» 

BKy 

EC)* 

B 

EO 

E»0 

E*0 

E?0 

E*0 

E»0 

E*0 

C 

E 

E» 

E* 

El 

Ei 

E» 

E* 

According  to  the  above  law  the  R,  R*,  R*,  etc.,  in  the  last  line,  are  mutn- 
ally  replaceable,  1  for  1,  though  varyiiig  in  atomic  weight  from  1  to  J. 
They  represent  different  states  in  which  elements  may  exist,  and  have,  to  a 
certain  extent,  independent  element-like  relations.  In  some  cases,  as  in 
iron,  four  of  these  states  are  represented  in  a  single  element,  the  compounds 
(I)  FeO,  FeS,  (2)  FeH)^,  (3)  FeS^,  (4)  FeO^,  containing  this  metal' in  four 
states  Fe,  Fc»,  Fe*,  Fe*. 

The  use  of  the  fractions  can  be  avtnded  by  multiplying,  instead  of  divid- 
ing, thus,  Fe*  of  Fe^O^  replaces  Fe  of  FeO,  we  might  have  said,  2Fe  of 
Fe^O^  replaces  3Fe  of  FeO  (FeH)^,  Fe«0»),  and  so  for  the  others. 

These  different  states  of  the  elements  are  best  designated  in  the  symbolB 
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by  the  Greek  lettere  a,  )8,  etc.,  thus  avoiding  all  confusion.     Tlie  above 
lines  A,  B,  C  then  become 


A 

aUO 

3)8RO 

27RO 

5SR0 

SeRO 

TirRO 

417RO 

B 

oRO 

/9R0 

7RO 

SRO 

eRO 

?R0 

i>RO 

C 

oR 

^R 

7R 

SR 

eR 

?R 

vU 

By  means  of  this  system  all  the  different  oxides  may  be  reduced  to  tho 
common  protoxide  form,  and  thus  the  true  relations  of  the  silicates  may  be 
clearly  exprosAcd.  This  is  exhil)ite<l  in  the  formulas  for  the  silicates  given 
in  Dana's  System  of  Mineralogy  (1^08). 

Calculafion  of  a  foi'imda  fvoui  an  atuilysis, — The  result  of  an  analysis 
gives  the  proportions,  in  a  hundred  parts  of  the  mineral,  of  either  the  ele- 
ments themselves,  or  of  their  oxides  or  other  comjx^nnds  ol>t4iined  in  the 
chemical  analysis.  In  order  to  obtain  the  atomic  proportions  of  the  ele- 
ments :  Divkl<i  the  percentages  of  the  dmnentA  hy  th£  respect if)e  atomic 
weights;  or,  for  those  of  the  oxides:  Dlride  the  percentage  amounts  of 
each  by  their  molecular  wEianrs  ;  then,  jiad  thti  simplest  ratio  in  whole 
nuiTihersfor  tJie  nuiahers  thus  ohtainetL 

Keample^, — A.n  analysis  of  bournonite  from  Meiseberg  gave  Rammels- 
berg:  Lead  (Pb)  42-88,  conper  (Cu)  18-0(),  antimony  (SI))  24-34:,  and  sul- 
phur (S)  19*7f)  =  10004.  Dividing  each  amount  by  its  atomic  weight  we 
obtain : 

42-8  >       13-00        _.         24-34        ._         19-70 
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=  -^^^^       03T='-^^5       -n2-=-^^17;       -,^  =  -6175. 


The  atomic  ratio  is  hence:— Pb  :  Cu  *:  Sb  :  S  =  -207  :  -200  :  -217  :  -0175 ; 
that  18,  1-005  :  1  :  1-053  :  2-91)8,  or  in  whole  nnmbei-s,  1:1:1:3.  The 
empirical  formula  is  consctpiently  CuPbSbSs. 

An  analysis  of  epidote  from  Untei-sulzbach  gave  Ludwig : 

SiOa        AlOg        PeOa         FeO         OaO         lIoO 

37-83       22-03         1502        0-93         23*27       205  =  101-73. 

From  the  results  of  the  analysis  given  in  this  forui;  the  percentage 
amount  of  each  element  mav  be  calculated  in  the  usual  wav  ;  we  obtain : 
Si  17-05,  Al  12-00,  Fe  10-51,  FeO  072,  Ca  10-02,  II  0.23,  O  4304.  The 
number  of  atoms  of  each  element  mav  be  calculated  from  the  hist  driven 

percentages  by  dividing  each  by  the  atomic  weight,  that  is  — — ^  =  (^SO 

12-00 
for  Si,     w^    =  0*22  for  Al  (=  AI2),  etc.  Or,  the  percentage  amounts  of  each 

oxide  may  be  divided  by  its  molecular  weight,  and  the  result  \vill  be  the  same ; 

37*83 
for  SiOa,  the  molecular  weight  is  00  (28  +  2  xlO\  hence,  —rr-  =  '^'^^  ^ 

before ;  also  for  Al,  103  (=  2  x  27-5  +  3  x  10),  and  =^^  =  0-22,  etc.      The 

atomic  proportions  thus  obtained  are : 
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Si  Al  Fe  Fe  Ca  H  O 

0-030        0-220         0(;li4         0013         0415         0230        2-727, or  simply 


-/" 


-/ 


•314  0-428 

6  2-99  407  2-2  2579,    or  again, 

0  3  4  2  26. 

The  empirical  formula  is  consequently  Si<iAl3Ca4HjOj|.  As  in  the  above 
ca-c.  it  is  neceftsjiry,  when  very  small  quantities  only  of  certain  elements 
arf?  prcficnt,  to  iie^rlect  them  in  the  final  formula,  reckoning  them  in  with 
tlu*  cicifieiits  which  they  replace,  that  is,  with  those  of  the  same  quantiva- 
Icncc.  The  degree  of  corresjxmdence  Ijetween  the  analysis  and  the  formula 
dcduc'fd.  if  the  latter  is  correctly  assumed,  depends  entirely  upon  die  accuracy 
of  the  former. 

QtfunfivaUnt  Ratio, — In  the  chemical  constitution  of  most  minerals 
there  exints  a  strong  distinction  between  the  basic  and  acidic  elements,  and 
thir*  relation,  in  the  case  of  sul)stances  of  complex  character,  is  often  fixed 
when  otherwise  the  composition  is  exceedingly  varied.  In  the  dualistic 
formiihis  of  the  old  chemistry  this  relation  was  expressed  in  the  "  oxygen- 
rotht^''  which  gave  the  ratio  between  the  number  of  oxygen  atoms  belong- 
iui^  res[)ectively  to  the  bases,  protoxide  and  sesquioxide,  and  to  the  acid. 
The  expression,  "  oxygen- ratio,"  is  not  in  hannony  with  the  present  method 
of  viewing  chemical .  compounds,  and  the  term  has  consc»quently  been,  tt) 
some  extent,  abandoned  ;  the  same  relation,  however,  between  the  different 
classes  of  elements  still  exists,  but  the  ratio  must  be  regarded  as  that  exist- 
ing between  the  total  quanti  valences  of  each  group  of  elements,  and  hence 
may  be  called  the  Qi-antivalknt  Ratio.* 

The  old  formula  for  all  the  members  of  the  ganiet  family  is  3R,  ft,  3Si 

■  •  •  •  •  • 

=  3lv(),  liD;,,  38i()2,  and  the  oxt/gen  ratio  for  R  :  ft  :  Si  =  1  :  1  :  2,  or  for 
bases  to  silica,  1  :  1.  Here  R  may  be  either  Ca,  Mg,  Fe,  Mn,  or  Cr,  and  ft 
either  Al,  F(%  Or.  This  formula,  however,  written  according  to  the  new 
systcMu  (the  cpumtivalencc  being  expressed  by  Roman  numerals  over  the 

symbols),  is: 

II  VI  IV  M  n   VI 

IljRSiOia ;  or  RoR;|Oi,5Si, 

to  indi(!ate  that  the  oxygen  is  regarded  as  all  linking  oxygen.  The  ratio 
of  the  total  quantivaiences  for  each  class  of  elements,  ayads  and  hexads 
(l)asi(O,  and  the  tetra<l  silicon  (acidic),  is: — 3  x II  :  VI  :  3xIV,  or,  Q.  ratio 
for  R  :  tt  :  Sif  =  ({  :  0  :  l!>,  that  is,  1  :  1  :  2. 

Tli(»  same  ratio  for  (R  +  R)  :  Si  =  1  :  1,  both  of  which  are  identical  with 
the  previously  given  oxygen  ratio. 


*  This  n'lation  was  brought  out  by  Prof.  Dana  in  1807  (Am.  J.  Sci.,  xliv.,  89,  252,  308), 
nml  it  foriMH  tlic  basis  of  all  the  formulas,  according  to  the  new  system,  in  Dana^s  Syatem  of 
Minonilojfv,  1H<JM.  Prof.  Cooke  has  discussed  the  same  subject  (Am.  J.  Sci.,  II.,  xlvii.,  386, 
18<H)),  h(!  calls  tlie  ratio,  the  Atomic  Ratio  ;  the  latter  term,  however,  is  g^enerally  nsed  in  % 
different  sense,  hence  the  expression  Quantivalent  Ratio  employed  here. 

t  Throujifhont  this  work  the  letter  R,  unless  otherwise  indicated,  reptenenta  a  bivaient 
ital,  and  H  either  Fe,  Al,  ^r,  Mn,  where  the  quantivalence  of  the  double  atom  la  SiX.     In 
oases,  to  indicate  further  relations,  the  sign  of  the  quantivalenoe  ia  aometimes  employacL 
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Thus  the  oxygen  ratio  of  the  old  system  becomes  the  quantivalent  ratio 
uf  the  new,  "a  term,  t<K>,  which  hiis  a  wider  meaning  and  hearing  than  tliat 
which  it  i-eplaces."  This  principle  of  the  ratio  between  the  total  quanti- 
valeiices  ift  au  important  one,  and  fundamental  in  the  character  of  chemical 
(Mimpounds.  Tins  is  well  shown  in  the  example  here  given,  where,  for  a 
family  of  minerals  of  bo  varied  composition  as  the  garnets,  it  remains  con- 
stant iu  all  varieties.  It^j  imj)ortance  is  even  more  marked  in  the  many 
silicates  wliere  tt  replaces  fiK  (a^s  in  sixnlumene  in  the  pyroxene  family). 

The  quantivalent  ratio  is  ol)tained  by  multiplying  the  quantivalence  of 
each  class  of  elements  present  by  their  number  of  atoms;  or  by  dividing 
the  percentage  amount  or  each  element  by  the  atomic  weight  and  multiply 
by  Its  quantivalence.  When  the  basic  or  acid  oxides  are  given,  divide 
the  percentage  amount  of  each  by  the  molecular  weight,  and  multiply  as 
liefore  by  the  number  expressing  the  quantivalence,  and  tlie  result  is  the 
total  quantivalence  for  the  given  element. 


Dimorphism.     Isomorphism. 

A  chemical  compound,  wliich  crvstallizes  in  two  forms  genetically  dis- 
tinct, is  said  to  be  dhnorjf/toics  ;  i{  in  three,  frhnorjf/touft^  or  in  general 
j}l€07norj}hotts.     The  phenomenon  is  called  dimokimiism,  or  pleomokpuism. 

On  the  other  hand,  chemical  compounds,  wliich  are  of  dissimilar  though 
analogous  composition,  are  said  to  be  iMonutrj)h<mi<  when  their  crystalline 
forms  arc  identical,  or  at  least  verv  closelv  related  (sometimes  called  homceo- 
iiiorphouB).     This  phenomenon  is  called  i^ioMOKPnisM. 

An  example  k^I phouinrphtsui  is  given  l>y  the  compound  calcium  carl)on- 
ate  iCaCOg),  which  is  trhnorphouH :  appearing  as  calcite,  as  aragonite,  and 
as  barvto-i-alcite.  As  ailvite^  it  crvstallizes  in  the  rhombohedral  svstem, 
and,  unlike  as  its  manv  crvslalline  forms  are,  thev  mav  be  all  referred  to 
the  same  fundamental  rhombohedron,  and,  what  is  more,  tliey  have  all  the 
tMinie  cleavage  and  the  same  si>ecitic  gravity  (i^'T),  and,  of  course,  the  same 
optical  cliai*actei*s.  As  ara(/on'fti\K'.i\\i:\\\\\\  (rarix^iate  appears  in  ortliorhoni- 
liic  crystals,  whose  optical  charactei-s  are  entirely  different  fnun  those  of 
calcite,  as  will  l>e  undei'stood  from  the  explanations  made  in  the  preceding 
chapter.  Moreover,  the  specific  gravity  of  aragonite  (2'1>)  is  higher  than 
that  of  calcite  (2*7).  Again,  as  harytn-calcltc^  calcium  carbonate  crystal- 
lizes in  a  monoclinic  form. 

The  explanation  of  the  phenomenon  of  pleomorphism  in  this  case— and 
an  analogous  explanation  must  answer  ftu*  all  such  cases — is  to  be  found, 
not  as  was  once  proposed  in  a  slight  variaticm  of  chemictal  comi)osition,  but 
in  the  different  conditions  in  which  the  same  comj)ound  has  been  formed. 
Thus  Rose  has  shown  that  the  calcium  carboiuite  precipitated  from  a  solu- 
tion by  the  alkaline  carbonates  in  the  cold  has  the  form  of  calcite,  whereas, 
if  the  precipitation  takes  place  at  a  temperature  of  100'  (\,  it  takes  the 
fonn  of  amgonite.     Moreover,  he  found  that  ara»'onite  on  heating  fell  to 

fHiwder,  and  though  no  loss  of  weight  took  place,  tlie  specilic  gravity  (2'9) 
lecame  that  of  calcite  (2*1). 

Many  either  examples  of  pleomorphism  may  be  given  :  Sih'ca  (SiOg)  is 
trimoi-phous ;  appearing  as  (jnarts^  rhombohedral,  (r  =  2"6t) ;  as  tridymitey 
•       12 
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hexagonal,  G  =  2*3  ;  and  as  asmanite^  orthorhombic,  G  =  2*24.  Titanic 
oxide  (TiOj)  is  also  trimorphous,  the  species  being  called  rutile,  tetragonal 
{c  =  -6442),  G  =  4-25  ;  octahedrite  (c  =  1-778),  G  =  3-9  ;  and  brooMte, 
orthorhombic  or  monoclinic,  G  =  4*15.  Carbon  appears  in  two  forms,  in 
diamond  and  graphite.  Other  familiar  examples  are  pyrite  and  marcasite 
(FeSa) ;  acanthite  and  argentite  (AgjS) ;  sphalerite  and  wiirtzite  (ZnS) ; 
sulphur  natural,  orthorhombic,  if  artiticial  and  crystallizing  from  a  molten 
condition,  monoclinic.  The  relation  in  form  ot  the  species  mentioned, 
and  also  of  those  of  other  dimorphous  groups,  will  be  found  in  Part  III., 
Descriptive  Mineralogy. 

Isomorphism  is  weU  illustrated  by  the  group  of  rhombohedral  carl)onate8, 
with  the  general  formula  RCOs-  Ilere  K  may  be  Oa,  Mg,  Fe,  Mn,  or  Zn  ; 
or  further,  in  the  same  species,  the  R  may  be  represented  by  both  Ca  and 
Mg  in  varying  proportions,  as  remarked  on  the  following  page,  or  both  Ca 
and  Fe,  etc.     Ihe  group  is  as  follows : 

Galcite.  Dolomite.  Magnesite.  Rhodochrosite.        Siderite.        Smithsonite. 

CaCOs      ^^^[^COs     MgCOa  MnCOs  FeCO,  ZnCO, 

105°  5'       KPe^  15'         107°  29'  106°  51'  107°  0'  107°  40'. 

Ankerite  (parankerite),  breunerite,  mesitite,  and  pistomesite  belong  to 
the  same  group.  All  the  above  species  have  an  analogous  composition,  and 
all  crystallize  in  the  rhombohedral  system,  tlie  angle  of  the  fundamental 
fonn  varying  somewhat  in  the  different  cases. 

Mitscherlich,  who,  by  a  series  of  experimental  researches,  established  the 
jH'inciple  of  isomorphism,  expressed  it  as  follows :  Sulsfances,  which  are 
analogous  chemical  compounds^  have  the  same  crystalline  form,^  or  are 

I80MORPHOU8. 

Some  of  the  more  important  isomorphous  groups  are  mentioned  below, 
for  the  description  ot  tlie  different  species  reference  must  be  made  to 
Part  III. 

Isometric  system, — (1)  The  spinel  group,  having  the  general  fonnula 
Rft04,  including  spinel  M^p^l04,  magnetite  FePe04,  chromite  FeOr04,  also 
franklinite,  gahnite,  etc.  (2)  The  alum  group,  for  example,  potash-alum 
K2AlS40,b-f  24aq,  etc.  (3)  The  garnet  group,  having  the  general  formula 
lv3ttSi30i2. 

Tetra^<mal  system, — Rutile  group,  RO^ ;  including  rutile  TiOj,  and  cas- 
fiitcrite  SnOg.  The  scheelite  group  ;  including  scheelite  CaWO^,  stolzite 
PbW04,  wulfenite  PbM04. 

He^cagoiud  system, — Apatite  group  ;  apatite  3Ca3P208  +  Ca(Cl,  F)2,  pyro- 
uiorphite  SPbgPgOg  +  PbClg,  mimetite  3Pb3AP208+PbCl2,  and  vanaainite 
3Pb3V208  +  l^l>^l2-  Corundum  group,  ftO.,;  corundum  AlOs,  hematite 
FeOa.  menaccanite. 

RJwmhohedral  system, — Calcffe  group,  RCOs,  already  mentioned. 

(ht/torhomJnc  system, — Araoonite  group,  RCO3;  aragonite  CaCOs, 
witherite  BaCOg,  strontianite  SrCOg,  cerussitePbCOg.  IJARrrE  group,  RSO4 ; 
barite  BaS()4,  celestite  SrS()4,  anhydrite  CaS04,  anglesite  PbS04.  Ohbybo- 
lite  group,  general  formula,  R2Si04. 
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Monodinic  aystem, — Copperas  group ;  melaTiteriteFeS044-7aq ;  bieberite 
CoS04-f  7aq,  etc.      Pyroxene  irroiip,   RSiOs,   etc. 

Monoclinic  ami  Trwiinic.     Feldspar  group. 

The  above  enumeration  includes  only  the  more  prominent  among  the 
isoraorphous  groups.  In  many  other  cases  a  close  relationsln'p  exists  among 
species,  both  in  form  and  composition,  as  brought  out  in  Dana's  System  of 
Mineralogy  (1854),  and  as  also  to  some  extent  exhibited  in  the  grouping  of 
the  species  in  the  d(?scri|)tive  part  of  this  work. 

(1)  It  will  be  observed  in  the  above  that  a  replacement  of  an  element  in  a 
compound  by  one  or  more  other  elements,  chemically  equivalent,  may  take 
place  without  any  essential  change  of  the  crystalline  form.  Besides  this  a 
part  of  (me  element  may  be  similarly  replaced.  This  is  illustrated  in  the 
case  of  tlie  rhombohedral  carbonates:  calcite  has  the  composition  CaCOg, 
and  magnesite  MgC/(>3;  but  in  dolomite  the  place  of  the  basic  element  is 
taken  by  Ca  and  Mg  in  equal  proportions,  so  that  the  formula  may  be 
written  (iCaH-^irg)(.)()3,  or  more  properly  CaMgCVV  But  besides  this 
compound  there  are  others  where  the  ratio  of  Oa  to  Mg  is  3  :  2,  also  2  :  1, 
and  3  :  1,  etc.  Further  than  this  the  Ca  or  Mg  may  be  in  part  replaced  by 
Mn,  Fe,  or  Zn. 

The  mineral  ankerite  is  one  in  which  Ca,  Mg,  Fe  (Mn),  all  enter,  and  in 
different  proportions.  Borickv  has  shown  that  the  comiK)6ition  of  the 
ankerite  group  of  compounds  is  expressed  by  the  formula  : — ("^aCOg-f  FeCOg 
+ ar(CaMgC2()o),  where  x  may  be  i,  1,  J,  f,  |,  2,  3,  4,  5,  10.  This  and  all 
similar  cases  are  examples  of  isomorj^houH  r'2)hiccinent. 

It  is  not  essential  that  the  rei)lacing  elements  in  an  isomorphous  series 
8hould  have  the  same  qnantivalence,  although  this  is  generally  true.  For 
example,  spodumene  is  isomorphous  with  the  pyroxene  ^roup,  though  in  it 
the  bivalent  element  is  replaced  bv  a  sexivalent  (311  =  ii).     So,  to<^,  menac- 

II  JV 

canite  was  included  in  the  corundum  group,  since  here  IlROg  is  isomor- 
phous with  ftOg.  This  relation  of  the  elements  which  are  not  equivalent, 
IB  brought  out  by  the  method  of  viewing  the  oxides  presented  on  p.  174. 

(2).  Minerals  which  crystallize  in  different  systems  may  yet  be  isomor- 
phous, when  the  difference  between  their  geometrical  form  is  slight ;  this 
IS  conspicuously  true  of  the  members  of  the  feldspar  family. 

(3).  Minerals  may  be  closely  related  in  form,  although  there  is  no  ana- 
logy whatever  between  their  chemical  (;omj>osition  ;  many  such  cases  have 
been  noted,  e?.y.,  axinite  and  glauberite,  azurite  and  epidote. 

Two  substances  may  be  both  hoimeomorphoiis  and  correspondingly 
dimoi'j.)hou8;  and  they  are  then  described  as  iHo(lhnor])h(>af>\  Titanic  oxide 
(Ti02),  and  stannic  oxide  (SnO.^),  are  both  dimorphous,  and  they  are  also 
homaH)morphous  severally  in  each  of  the  two  forms.  This  is  an  exami)le 
of  iHOilimorphism. 

There  are  also  cases  of  i-i<otrlmorphhm..  Thus  thei^e  are  the  following 
related  groups ;  the  angle  of  the  rhombohedral  forms  here  given  is  Ti  :  li ; 
of  the  orthorhombic  and  monoclinic  /  :  /  (for  baryto-calcite  2-i  on  2-^): 


Hhombohedral 

OrthorTwmbiG. 

Monoclinic., 

RCO, 

BSO4 

BSO«+bI10Oi 

Calcite,  105°  5'. 
DreeUte,  03°-94o. 
Soaannite,  94^ 

Aragronite,  1 1«^  10'. 
Anglcsite,  10:}^  38'. 
Leadhniite,  103°  16'. 

Barvtocalcite,  95°  8'. 
Glauberite,  83^-83^  20'. 
Lanarkite,  84^* 
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Calcite,  aragonite,  and  barytocalcite  fonn  an  undoubted  case  of  irifnor- 
phhm^  as  has  already  been  shown.  Dreelite,  anglesite,  and  glauberite 
constitute  another  like  series,  and  moreover  it  is  closely  parallel  in  angle 
with  the  former.  In  the  third  line  we  have  the  sulphato-carbonate  susan- 
nite  near  dreelite  in  an^le,  leadhillite  (identical  with  susannite  in  composi- 
tion) near  anglesite,  and  lanarkite,  another  sulphato-carbonate,  near  glan- 
berite,  forming  thus  a  third  parallel  line.  The  sulphuric  acid  in  thes^  sul- 
phato-carbonates  dominates  over  the  carbonic  acid,  and  gives  the  form  of 
the  bulphates  enumerated  in  the  second  line  of  the  table. 

Chemical  Examination  of  Minerals. 

The  chemical  characters  of  minerals  are  ascertained  (a)  by  the  action  of 
acids  and  other  reagents ;  (J)  by  means  of  the  blowpipe  assisted  by  a  few 
(chemical  reagents  ;  (c*)  by  chemical  analysis.  The  last  method  is  the  only 
one  by  which  the  exact  chemical  composition  of  a  mineral  can  be  deter- 
mined. It  belongs,  however,  wholly  to  chemistry,  and  it  is  unnecessary  to 
touch  upon  it  here  except  to  call  attention  to  the  remarks  already  made 
(p.  156)  upon  the  essential  importance  of  the  use  of  pure  material  for  analysis. 

The  various  tests  and  reactions  of  the  wet  and  dry  methods  are  imjwrtant, 
since  they  often  make  it  possible  to  determine  a  mineral  with  very  little 
labor,  and  this  with  the  use  of  the  minimum  amount  of  material. 

a.  Examination  in  the  Wet  Way, 

The  most  common  chemical  reagents  are  the  three  mineral  acids,  hydro- 
chloric, nitric,  and  sulphuric.  In  testing  the  powdered  mineral  with  these 
acid:^,  the  important  points  to  be  noted  are :  (1)  the  degree  of  solubility, 
and  (2)  the  plienomena  attending  entire  or  partial  solution  ;  that  is,  whether 
a  gas  is  evolved,  producing  effervescence^  or  a  solution  is  obtained  without 
effervescence,  or  an  ins(;luble  constituent  is  separated  out. 

Soluhilitf/, — In  testing  the  degree  of  solubility  hydrochloric  acid  is  most 
commonly  used,  though  in  the  case  of  sulphides,  and  compounds  of  lead 
and  silver,  nitric  acid  is  required.  Less  often  sulphuric  acid,  and  aqua 
regia  (nitro-hydrochloric  acid),  are  resorted  to. 

Many  minerals  are  completely  ^o^wJ^^  without  effervescence :  among  these 
are  some  of  the  oxides,  hematite,  limonite,  gothite,  etc.,  some  sulphates, 
many  phosphates  and  ai^seniates,  etc. 

Sohihility  vrith  effervescence  takes  place  when  the  mineral  loses  a  gaeeons 
ingredient,  or  when  one  is  generated  by  the  mutual  decomposition  of  acid 
and  mineral.  Most  conspicuous  here  are  the  carbonates^  all  of  which  dissolve 
with  effervescence,  giving  off  carbonic  acid  (properly  carbon  dioxide,  COj), 
though  some  of  them  only  when  pulverized,  or  again,  on  the  addition  of 
heat.  In  applying  this  test  dilute  hydrochloric  acid  is  employed.  Sul- 
)hurctted  hydrogen  (H^S)  is  evolved  by  some  sulphides,  when  dissolved  in 
lydrochloric  acid:  this  is  true  of  sphalerite,  stibnite,  greenockite,  etc. 
Chlorine  is  evolved  by  oxides  of  manganese  and  also  chromic  and  vanadic 
acid  salts,  when  dissolved  in  hydioctiloric  acid.  Nitnc  peroxide  is  given 
off  by  many  metallic  minerals,  and  also  some  of  the  lower  oxides  (cnpiitei 
etc.),  when  treated  with  nitric  acid. 
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The  separation  of  an  inaolvhU  ingredient  takes  place :  With  many  aili- 
fifttee,  the  silica  separatins  sometinies  a^  a  fine  powder,  and  again  as  a  jelly  ; 
in  the  latter  case  the  mineral  is  said  to  gelatinize  (eodalite,  analcite).  In 
order  to  tcet  this  point  the  tinely  pulverized  silicate  is  digested  with  strong 
hjdrochlorie  ai'-id,  and  the  solution  afterward  slowly  evajxii'ated  nearly  to 
drjtiees.  With  a  considerable  number  of  silicates  the  gelatinization  takes 
place  only  after  ignition  ;  while  utiiers,  which  ordinarily  gelatinize,  are 
rendered  in6(ihii)le  hj  ignition. 

With  many  sulphidus  a  separation  of  gulphnr  takes  place  when  tliey  are 
treated  with  nitric  add.  Compounds  of  titanic  and  tungstic  acids  are 
decomposed  by  hydrochloric  acid  with  the  sepai'ation  of  the  oxides  named. 
The  same  is  true  of  salts  of  molybdic  and  vanadic  acids,  only  that  here  tlie 
oxides  are  solnble  in  an  excess  of  the  acid. 

Compounds  containing  silver,  lead,  and  mercury  give  with  hydrochloric 
acid  insoluble  residues  of  the  clilorides.  These  compounds  are,  however, 
solnble  in  niti*iu  acid. 

When  com^)ouudB  containing  tin  are  treated  with  nitric  acid,  the  stannic 
oxide  separates  as  a  white  powder.  A  corresponding  reaction  takes  place 
under  similar  circnmstauces  with  minerals  containing  arsenic  and  antimony. 

InsoltJile  tninerala. — A  largo  number  of  minerals  are  not  sensibly 
attacked  by  anv  of  tlio  acids.  Am<mg  these  may  be  named  the  following 
oxides:  corundum,  spinel,  chromite,  diaspore,  rutile,  cassiterite,  quartz; 
also  ccrargyrite  ;  many  silicates,  titanatcs,  tantalates,  and  columbates ;  also 
thfi  sulphates  (barite,  celestite,  anglcsite);  many  phosphates  (xenotime, 
lasalite,  childrcnite,  amblygonite),  and  the  borate,  boracite. 


tr^ 


i.  Keamijiation  of  Minerals  by  nieam  of  the  Blowpipe. 

Bloiopipe. — The  simplest  form  of  the  blo\vpipe  is  a  tapering  t 
brass  (f.  413, 1),  with  a  minute  aperture  at  the 
extremity.  A  chamber  is  advantageously 
added  (f.  413,  2)  at  o,  to  rei;eive  the  condensed 
moisture,  and  an  ivory  mouth-piece  is  often 
very  convenient.  In  tlio  berter  forms  of  the 
iDBtrameut  (see  f.  413,  3),  the  tip  is  made  of 
solid  platinum  {f),  which  admits  of  being 
Teadily  cleaned  when  necessary.  Operations 
with  the  blowpipe  often  require  an  uninter- 
mitted  heat  for  a  consideiable  length  of  time, 
and  always  longer  than  a  single  breath  of  the 
operator.  It  is  thercfoi-e  requisite  that  breath- 
ing and  blowing  should  go  on  together.  This 
may  be  diflicult  at  first,  but  the  necessary  skill 
or  tact  is  soon  acqnii'ed. 

Blowpipe-flame. — The  best  and  most  con- 
venient source  of  heat  for  blowpipe  purposes 
u  ordinary  illuminating  gas.  The  burner  is  a 
drnple  tube,  flattened  at  the  top,  and  cut  off  a 
little  obliquely ;  it  thus  furnishes  a  flame  of  convenient  shape. 


182  OH£MICAL   MINEBALOOT. 


]0t  may  also  be  used  in  conjunction  with  the  ordinary  Bunseu  burner,  it 
)(iiiii*r  so  nuido  as  to  slip  down  withm  the  outer  tube,  and  cut  oflF  the  supply 
of  air,  thus  giving  a  luminous  flame.  The  gas  flame  required  need  not  be 
luori?  tluui  an  inch  and  a  half  in  height,  in  place  of  the  gas,  a  lamp  fed 
with  olive  oil  will  answer,  or  even  a  goi>d  candle. 

I'hf'  jet  of  the  blowpipe  is  brought  close  to  the  gas  flame  on  the  higher 
h'uUi  of  the  obliquely  terminated  burner.  The  arm  of  the  blowpipe  is 
in<*line<l  a  little  downward,  and  the  blast  of  air  produces  an  oblique  conical 
iliniHi  of  intense  heat.  This  blowpipe  flame  c</nsists  of  two  cones :  an  inner 
of  a  blue  color,  and  an  outer  cone  which  is  yellow.  The  heat  is  mc«t 
inttiusi?  just  beyond  the  extremity  of  the  blue  flame,  and  the  mineral  is  held 
tit  tliis  point  when  \X.%  fusibility  is  to  be  tested. 

Till!  nincr  flame  is  called  the  kkducin<j  flamk  (R.F.)  ;  it  is  characterized 
bv  tlui  (»xcchS  of  the  carbon  or  hydrocarbons  of  the  gas,  which  at  the  high 
triiipcruture  ju'esent  tend  to  combine  with  the  oxygen  of  the  mineral 
briMiglit  into  it,  or  in  other  words,  fo  reduai  it.  The  best  reducing  flame 
in  pnxliiced  when  the  blowpipe  is  held  a  little  distance  from  the  gas  flame; 
it  bhould  retain  the  yellow  color  of  the  latter. 

The  outer  cone  is  called  the  oxidizing  flamk  (O.F.)  ;  it  is  characterized 
by  the  excess  of  the  oxygen  of  the  air  over  the  carbon  of  the  gas  to  be  com- 
bined with  it,  and  has  hence  an  oxidizing  effect  upon  the  assay.  This 
flame  is  best  produced  when  the  jet  of  the  blowpipe  is  inserted  a  very  little 
in  tlu;  gas  flame;  it  should  be  entirely  non-luminous. 

Supports, — Of  other  aj)parati]s  required,  the  most  essential  articles  are 
tlioHo  which  serve  to  support  the  mineral  in  the  flame;  these  supports  are : 
( 1 )  charcoal,  (2)  platinum  forceps,  (3)  platinum  wire,  and  (4)  glass  tubes. 

(1)  (%ircoal  is  especially  useful  as  a  support  in  the  case  of  the  examina- 
tion of  metallic  minerals,  where  a  reduction  is  desired.  It  must  not  crack 
when  heated,  and  should  not  yield  any  considerable  amount  of  ash  on  c<im- 
l)U6tion  ;  that  made  from  soft  wood  (pine  or  willow)  is  the  best.  Pieces  of 
conv(tnient  size  for  holding  in  the  hand  are  employed  ;  they  should  have  a 
bm<K)th  surface,  and  a  small  cavity  should  be  in  it  made  for  the  mineral. 

(2)  A  convenient  kind  of  phitinuta  forceps  is  represented  in  f.  414  ;  it 
ib  madt;  of  steel  with  platinum  points.     These  open  by  means  of  the  plus 

414 


pp  ;  other  forms  open  by  the  spring  of  the  wire  in  the  handle.     Care  must 

be  taken  not  to  heat  any  substance  {e.g.^  metallic)  in  the  forceps,  which  when 

fused  might  injure  the  platinum. 
(3)  Platinum,  wii^e  is  employed  with  the  use  of  fluxes,  as  described  in 

auotner  place. 

f4)  The  glass  tvhes  required  are  of  two  kinds  :  closed  tubes,  having  only 

pen  end,  about  four  inches  long ;  and  open  tubes,  having  both  ends 

^iir  to  six  inches  in  length.    13oth  kinds  can  be  easily  made  by  the 

it  ftrom  ordinary  tubing  (best  of  rather  hard  glass),  having  a  bore  of 

of  an  inclL 
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In  the  way  of  additional  ai»paratiis.  the  following  artii-les  are  useful ;  they 
need  no  8^)ecial  description  :  hummer,  small  anvil,  three-cornered  tile,  nia:;- 
uet,  pliers,  pocket-lens,  and  a  small  mortar,  as  also  a  few  of  the  test-tabe;^, 
etc.,  iL^ed  in  the  laboratory. 

CAemira/  reafjenfs. — Tiie  comniunest  reagents  empU>yed  are  the  ituxejt^ 
viz.,  soda  (s«xlium  carixmater:  salt  i»f  phc>sphorus  \sodiuin-amnioniiun 
phosphate);  and  borax  \^S(xliuni  biborate).  The  method  of  using  them  is 
spoken  of  on  p.  1^0. 

Nitrate  of  cobalt  in  solution  is  also  emplovMd.  It  is  conveniently  kept 
in  a  small  bulb  from  which  a  dn>p  <»r  tw»>  may  be  obtained  as  it  is  luvded. 
This  is  used  principally  as  a  test  for  iiluminum  or  ma^^nesium  with  infusible 
minerals,  as  remarked  bevMiid.  Tlie  fragment  of  tlie  minenil  held  in  the 
forceps  is  iii^t  ignited  in  the  blowpipe  name,  a  dn»p  of  the  c«»l»alt  solution 
is  placed  (n\  it,  and  then  it  is  heated  again  ;  tlie  pR»seuce  of  either  constitu- 
ent named  is  manifested  bv  the  rol<*r  a>.>umeil  bv  the  ij^nited  mineral.  It 
is  also  used  as  a  test  for  zinc.  Potassium  bisulphate  and  calcium  tluoride 
(fluorite)  in  powder,  metallic  magnesium  Uoil  or  wii*ei,  and  tin  foil,  are 
other  reagents,  the  use  of  which  is  explained  later.  Test-paixM-s  are  also 
needed,  viz.,  blue  litmus  paper,  and  turmeric  paper. 

The  wet  reagents  required  aiv:  tiie  ordinary  acids,  and  most  inn^^rtant 
of  these  hydnichloric  acid,  generally  diluted  one-half  for  use,  and  also 
barium  chloride,  silver  nitnite,  ammonium  molybdate. 

The  blowpijje  investigation  of  minerals  includes  their  examination,  (1)  in 
the  platinum-]K»inted  forceps,  i:2)  in  the  closed  tube,  [}h  in  the  open  tube, 
(4)  on  charcoal,  and  (5)  with  the  fluxes. 

(1)  Ei'fimiintt'ton  in  tin*  fon'tpH, — The  nK>st  important  use  i»f  the  plati- 
num-pointed forceps  is  to  hold  the  fragment  of  the  mineral  while  its  fusi- 
bilitv  is  tested. 

The  foHowing  practical  poiiit»  must  be  regarded  :  (1)  Metallic  mineralR,  which  when  fused 
may  injure  the  platinum.  HhouM  l>e  exnniined  on  charcoal ;  (2)  the  fra(;^iuent  takiMi  should  be 
thin,  and  an  Ainall  as  can  conveniently  be  held;  (o»  when  decrepitation  takes  phuv.  the  heat 
most  be  applied  slowly,  or,  if  thus  docH  not  prevent  it,  the  mineral  may  be  powdered  and  a 
pante  made  with  water,  thick  enough  to  be  held  in  the  forcep8  or  on  the  platinum  wire  ;  or 
the  paste  ma}',  with  the  same  end  in  view,  be  heated  on  charcoal ;  (4)  the  frag.ncut  whoso 
fusibility  is  to  be  tested  must  be  held  in  the  hottest  part  of  the  tlame.  juKt  beyond  the 
extremity  of  the  blue  cone. 

In  connection  with  the  trial  of  fusibility,  the  following  phenomena  may 
be  observed  :  (a)  a  coloration  of  the  flame ;  \fj)  a  swelling  up  (stilbite\  or 
an  exfoliation  (»f  the  mineral  (vermiculite) ;  or  (r )  a  glowing  without  fusion 
(ealcite) ;  and  {d)  an  intumescence,  or  a  spirting  out  of  the  mass  as  it  fuses 
(ecapolite).  Tlie  color  of  the  mineral  after  ignititm  is  to  be  noted  ;  and  the 
natui'e  of  the  fused  mass  is  also  to  be  observed,  whether  a  clear  or  blebby 
glass  is  obtained,  or  a  black  slag,  or  whether  magnetic  or  not,  etc. 

The  ignited  fragment,  if  nearly  or  (piite  infusible,  may  be  moistened 
with  the  col)alt  solution  and  again  ignited  (see  above) ;  also,  if  not  ttK) 
fusible,  it  may,  after  treatment  in  the  forceps,  be  placed  upon  a  strip  of 
moistened  turmeric  paper,  in  which  case  an  alkaline  reaction  shows  the 
presence  of  the  alkaline  earths. 

FusUnUty, — ^Ali  grades  of  fusibility  exist  among  minerals,  from  those 
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which  fuse  in  large  fragments  in  the  flame  of  the  candle  (stibnite,  see 
below),  to  those  whi<*,h  fuse  only  on  the  thinnest  edges  in  the  hott^t  blow- 
pipe flame  (bronzite) ;  and  still  again  there  are  a  considerable  number 
wliich  are  entirely  intusible  (e?.//.,  corundum). 

Tlie  following  scale  of  fusibility,  pro[>osed  by  von  Kobell,  is  made  use 
of:  1,  stibnite;  2,  uatrolite ;  3,  aimandine  garnet;  4,  actinolite  ;  5,  ortho- 
clasc ;  6,  bronzite. 

A  little  practice  with  these  minerals  will  show  the  student  what  degree 
of  fusibility  is  expressed  by  each  number,  and  render  him  quite  independent 
of  the  table ;  he  will  thus  be  able  also  to  judge  of  his  power  to  produce  a 
hot  flame  by  the  blowpipe,  which  requires  practice. 

Fkirne  coloratwn. — When  coloration  is  produced  it  is  seen  on  the  exterior 
portion  of  the  flame,  and  is  best  observed  when  shielded  fi-om  the  direct  light. 

The  presence  of  soda,  even  in  small  quantities,  produces  a  yellow  flame,  which  (except  in 
the  spectroscope)  more  or  less  completely  masks  the  coloration  of  the  flame  due  to  other  sub- 
stances ;  phosphates  and  borates  ^ve  the  green  flame  in  general  best  when  they  have  been 
pnlverized  and  moistened  with  sulphuric  acid ;  moistening  with  hydrochloric  acid  maken  the 
coloration  in  many  cases  (barium,  strontium)  more  distinct. 


The  colors  which  may  be  j)roduced,  and  the  substances  to  whose  presence 
they  are  due,  are  as  follows:  (1)  yellow,  «w/tW/i/  (2)  \io\ei^  potassium ; 
(Z)  purple-red,  tithiuvi  /  red,  strontiuirh ;  yellowish-red,  calcium  (lime) ; 
(4)  yellowish-green,  hariuin^  molylxl^nwn  ;  emerald -green,  copper;  bliiisli- 
gTQem^ phos2>horii8  (phosphates) ;  yellowish-green,  boron  (borates) ;  (5)  blue, 
aznre-blue,  6*^jt>p^r  cfdoride]  light-blue,  ar^^nic*/  ^veem^h'hXwQ^  antimony, 

(2)  Heating  in  the  closed  tube. — The  closed  tube  is  employed  to  show 
the  effect  of  heating  the  mineral  out  of  contact  with  the  air.  A  small  frag- 
ment is  taken,  or  sometimes  the  powdered  mineral  is  inserted,  though  in 
this  case  with  care  not  to  soil  the  sides  of  the  tube.  The  phenomena  which 
may  be  observed  are  as  follows  :  decrepitation^  as  shown  by  fluorite,  calcite, 
etc. ;  glowing^  as  exhibited  by  gadolinite ;  phosphorescence^  iA  which  fluorite 
is  an  example  ;  change  <?/'6v>^>r(limouite),  and  liere  the  color  of  the  mineral 
should  be  noted  both  when  hot,  and  again  after  cooling;  fusion ;  giving  off 
oxygen^  as  mercuric  oxide ;  yielding  water  at  a  low  or  high  temperature, 
which  is  ti'ue  of  all  hydrous  minerals ;  yielding  acid  or  alkaline  vapors^ 
which  should  be  tested  bv  inserting  a  strip  of  moistened  litmus  or  turmeric 
paper  in  the  tube ;  yielding  a  sublimate^  which  condenses  in  the  cold  part 
of  the  tube. 

Of  the  sublimates  which  form  in  the  tube,  the  following  are  those  with 
which  it  is  most  important  to  be  familiar :  Sublimate  yellow,  sulphur : 
dark  brown-red  when  hot,  and  red  or  reddish-yellow  when  cold,  arsentc 
stdphide;  brilliant  black,  arsenic  (also  giving  off  a  garlic  odor);  black 
when  hot,  brown-red  when  cold,  formed  near  the  mineral  by  strong  heating, 
antimony  oxysulphide  ;  dark-red,  selenium  (also  giving  the  odor  of  decay- 
ing hoi-seradish) ;  sublimate  consisting  of  small  drops  with  metallic  lustre, 
tmurium  ;  sublimate  gray,  made  up  of  minute  metallic  globules,  msroury  ; 
sublimate  black,  lur^treless,  red  when  rubbed,  mercury  sulphide, 

(3)  Heating  in  t/te  open  tube. — The  small  fragment  is  placed  in  the  tube 
about  an  inch  from  the  lower  end,  the  tube  being  inclined  sufliciently  to 
prevent  the  mineral  from  slipping  out.     The  current  of  air,  passing  through 
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the  tube  during  the  heatini;  process,  has  an  oxidizing  effect.  Tlie  special 
phenomena  to  be  obscrvea  are  the  formation  of  a  sublhiate  and  the  odor 
of  the  escaping  gases.  The  acid  or  alkaline  chanicter  of  the  vapors  are 
tested  in  the  same  wav  as  with  the  eh>sed  tube  Fluorides,  when  heated  in 
the  open  tube  with  previously  fused  salt  of  phosphorus,  yield  hydrofluoric 
acid,  which  gives  an  acid  I'eaction  with  test-paper,  has  a  jxiculiar  pungent 
odor,  and  corrodes  the  glass. 

The  8uhl?inateji  whicTi  mav  be  formed,  as  far  as  thev  differ  from  those 
already  mentioned,  a8  obtained  in  the  closed  tube,  are  sis  follows:  bubli- 
mate,  white  and  crystalline,  volatile,  annftons  oxide  ;  white,  near  the  min- 
eral crystalline,  fusible  to  minute  div>ps,  yellowish  wIkmi  hot,  nearly  color- 
less when  cold,  mvlybdic  o»nde  ;  sublimate  white,  yielding  dense  white 
fumes,  at  first  mostly  volatile,  forming  on  the  upper  side  of  the  tube,  and 
afterward  generally  non-volatile  «>n  the  under  side  of  the  tube,  antimonotis 
and  antimonic  oxides;  sublimate  dark  brown  when  hot,  lemon-yellow 
when  cold,  fusible,  binmuth  oxide ^  sublimate  gray,  fusible  to  c<»lorles8 
drops,  teUuroua  oxide  ;  sublimate  steel-gray,  the  upper  edge  appearing  red, 
selenium;  sublimate  bright  metallic,  Htert'ury. 

The  odors  which  may  be  i^erceived  are  the  same  as  those  mentioned  in 
the  following  article. 

(4)  Heatiufj  aJ-tms  on  chnrcoal, — The  substance  to  be  examined  is  placed 
in  a  sha^low  cavity ;  it  may  simply  be  a  small  fmgmeut,  or,  where  the 
mineral  decrepitates,  it  may  be  powdered,  mixed  with  water,  and  thus  the 
material  employed  as  a  j)aste.     The  points  to  be  noticed  are : 

{a\  The  odor  given  off  after  short  heating.  In  this  way  the  presence  of 
Bulphur,  ai'senic  {garlic  odor),  and  selenium  (odor  of  decayed  horseradish), 
may  be  recognized. 

{b)  Fusion, — In  the  case  of  the  salts  of  the  alkalies  the  fused  mass  is 
absorbed  into  the  charcoal ;  this  is  als*)  true,  after  long  heating,  of  the  car- 
bonates and  sulphates  of  barium  and  strontium. 

{c)  The  infimbla  renulue, — This  may  (1)  glow  brightly  in  the  O.F.,  indi- 
cating the  presence  of  calcium,  strontium,  magnesium,  zirconium,  zinc,  or 
tin.  (2)  It  may  give  an  alkaline  reaction  aftor  ignition  :  alkaline  earths. 
(3)  It  may  be  magnetic,  showing  the  presence  of  iron. 

{il)  The  suhliiaate. —  By  this  moans  the  presence  of  many  of  the  metals 
may  be  determined.  The  color  of  the  sublimate,  both  near  the  assay  (N), 
and  at  a  distance  (L)) ;  as  also  when  hot  and  when  cold  is  to  be  noted. 

The  most  important  of  the  sublimates,  wnth  the  metals  to  which  they  are 
due,  are  contained  in  the  following  list:  Sublimate,  steel-gray  (N),  and 
dark  gray  (D),  in  U.F.  volatile  with  a  blue  flame,  selenium  (^atso  giving  a 
peculiar  odor) ;  white  (N)  and  red  or  deep  yellow  (U),  in  K.F.  volatile  with 
j^reen  flame,  tellurium ;  white  (N)  and  grayish  (I)),  arsenic  (giving  also  a 
]ieculiar  alliaceous  odor);  whit^  (X^  and  bluish  (Dj,  <^/i////?(y//// (also  giving 
off  dense  white  fumes).  Reddish-brown,  si/rer  ;  dark  orange-yellow  when 
hot,  and  lenu>n- yellow  when  cold  (N),  also  bluish-white  (D),  hinsntutli  ;  dark 
lenion-yeUow  when  hot,  sulphur-yellow  when  cold,  lewl ;  red-brown  (N) 
and  orange-yellow  (U),  aulmiiim ;  yellow  when  hot,  white  on  c(K)ling,  3?/w 
(the  sublimate  becomes  green  if  moistened  with  cobalt  solution  and  again 
ignited);  faint  yellow  when  hot,  white  on  cooling,  tin  (the  sublimate 
becomes  bluish-green  when  ignited  after  being  moistened  with  the  cobalt 
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solution,  in  the  R.F.  it  is  reduced  to  metallic  tin) ;  yellow,  sometimes  crys- 
talline when  hot,  white  wlien  cold  (N),  bluish  (D),  raolyhdemtm  (in  O.F. 
the  sublimate  volatilizes,  leaving  a  permanent  stain  of  the  oxide,  in  K.F. 
gives  an  azure  blue  color  when  touched  for  a  moment  with  the  flame). 

(5)  Treatfnent  with  the  fluxes, — The  three  fluxes  have  been  mentioned 
on  p.  183.  They  are  used  eitlier  on  charcoal  or  witli  the  platinum  wire. 
If  the  latter  is  employed  it  must  have  a  small  loop  at  the  end  ;  this  is  heated 
to  redness  and  dipped  into  the  powdered  flux,  and  the  adhering  particles 
fused  to  a  bead  ;  this  operation  is  repeated  until  the  loop  is  filled.  Some- 
times in  the  use  of  soda  the  wire  mav  at  firet  be  moistened  a  little  to  cause 
it  to  adhere.  \Vlien  the  bead  is  readv  it  is,  while  hot,  brought  in  contact 
with  the  powdered  mineral,  some  of  which  will  adhere  to  it,  and  then  the 
heating  pror^ess  may  be  continued.  Very  little  of  the  mineral  is  in  general 
required,  and  tlie  experiment  should  be  commenced  with  a  minute  quantity 
and  more  added  if  necessarv.  The  bead  must  be  heated  successively  in 
the  reducing  and  oxidizing  rfames,  and  in  each  case  the  color  noted  when 
hot  and  wlien  cold.  The  phenomena  connected  with  fusion,  if  it  takes 
place,  rtiust  also  be  observed. 

Minerals  containing  sulphur  or  arsenic,  or  both,  must  bo  first  roasted,  that  is,  heated  on 
charcoal,  first  in  the  oxidizing  and  then  in  the  reducing;  flame,  tiU  these  substances  have  been 
volatilized.  If  too  much  of  the  mineral  has  been  added  and  the  bead  is  hence  too  opaque  to 
show  the  color,  it  may,  while  hot,  be  flattened  out  with  the  hammer,  or  drawn  out  into  a 
wire,  or  part  of  it  may  be  removed  and  the  remainder  diluted  with  more  of  the  flux. 

Borax. — The  following  list  enumerates  the  diflFerent  colored  beads 
obtained  with  borax,  and  also  the  metals  to  the  presence  of  whose  oxides 
the  colors  arc  due  : 

ColorleH9 ;  silica,  aluminum,  the  alkaline  earths,  etc.  (both  O.F.  and 
II.F.) ;  also  silver,  zinc,  cadmium,  lead,  bismuth,  and  nickel,  O.F.,  and  also 
K.F.,  after  long  heating,  but  when  first  heated,  gray  or  turbid ;  R.F.,  man- 
ganese. 

Yellow  /  in  O.F.,  titanium,  tungsten,  and  molybdenum,  also  zinc  and 
cadmium,  when  strongly  saturated  and  hot ;  vanadium  (greenish  when 
hot) ;  iron,  uranium,  and  chromium,  when  feebly  saturated. 

Red  to  brown ;  in  O.F.,  iron,  hot  (on  cooling,  yellow);  O.F., chromium, 
hot  (yellowish-green  when  cold) ;  O.F.,  uranium,  hot  (yellow  when  cold)  ; 
nickel,  manganese,  cold  (violet  when  hot). 

Red ;  E.F.,  copper,  if  highly  saturated,  cold  (colorless  when  hot). 

Violet ;  O.F.,  nickel,  hot  (red-brown  to  brown  on  cooling)  ;  O.F,,  man- 
ganese. 

Blue;  O.F.  and  RF.,  cobalt,  both  hot  and  cold;  O.F.,  copper,  cold 
(when  hot,  green). 

Green  ;  O.F.,  copper,  hot  fblue  or  greenish-blue  on  cooling),  R.F.,  bottle- 
green  ;  O.F.,  chromium,  cold  (\'ellow  to  red  when  hot),  R.F.,  emerald-green; 
O.F.,  vanadium,  cold  (3'ellow  when  hot),  R.F.,  chrome-green,  cold  (brown- 
ish when  hot) ;  R.F.,  uranium,  yellowisli-green  (when  highly  saturated). 

Salt  of  Phosphorus. — This  flux  gives  for  the  most  pait  reactions  Bimiiar 
to  those  obtained  with  borax.  The  only  cases  emimerated  hei'e  are  those 
which  are  distinct,  and  hence  those  where  the  flux  is  a  good  test. 

With  silicates  this  flux  forms  a  glass  in  which  the  bases  of  the  silicate 
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are  dissolved,  bnt  the  silica  itself  is  left  insoluble.     It  appears  as  a  skeleton 
readily  seen  floating  about  in  the  melted  bead. 

The  colors  of  the  beads  and  the  metals  to  whose  oxides  these  are  due,  are : 

Blue  ;  K.F.,  tungsten,  cold  (brownish  when  hot) ;  R.F.,  columbium,  cold 
and  when  highly  saturated  (dirty-blue  when  hot).  Both  these  give  colorless 
beads  in  the  O.F. 

Green;  R.F.,  uranium,  cold  (^yellowish-green  when  hot);  O.F.,  molyb- 
denum, pale  on  cooling,  also  K.F.,  dirty-green  when  hot,  green  when  cold. 

Violet ;  R.F.,  columbium  (see  above) ;  R.F.,  titanium  cold  (j-ellow  when 
hc)t\ 

Son  A  is  especially  valuable  as  a  flux  in  the  case  of  the  reduction  of  the 
metallic  oxides  ;  this  is  usually  performed  on  charcoal.  The  iinely  pulver- 
ized mineral  is  intimately  mixed  with  soda,  and  a  drop  of  water  added  to 
form  a  paste.  This  is  placed  in  a  cavity  in  the  charcoal,  an<l  subjected  to 
a  strong  reducing  flame.  More  soda  is  added  as  that  present  sinks  into  the 
coal,  and,  after  the  process  has  been  continued  some  time,  the  remainder 
of  tlie  flux,  the  assay,  and  the  surrounding  coal  are  cut  out  with  a  knife, 
and  the  whole  ground  up  in  a  mortar,  with  the  addition  of  a  little  water. 
The  charcoal  is  carefuUv  wasjhed  awav  and  the  metallic  tjlobules,  flattened 
out  by  the  process,  remain  behind.  Some  metallic  oxides  are  very  readily 
reduced,  as  lead,  while  others,  as  copper  and  tin,  require  considerable  skill 
and  care. 

The  metals  obtained  may  be:  iron,  nickel,  or  cobalt,  recognized  by  their 
being  attracted  by  the  magnet;  or  copper,  marked  by  its  red  color;  bis- 
muth and  antimony,  which  are  brittle  ;  gold  or  silver ;  antimony,  tellurium, 
bismuth,  lead,  zinc,  cadmium,  which  vobitilize  more  or  less  completely  and 
may  be  recognized  by  their  sublimates  (see  p.  185) ;  ai*senic  and  mercury 
are  also  reduced,  but  must  be  heated  with  soda  in  the  closed  tube  in  order 
to  collect  the  sublimates.  The  metals  obtained  may  be  also  tested  with 
borax  on  the  platinum  wire. 

By  means  of  soda  on  charcoal  the  presence  of  sulphur  in  the  sulphates 
maj'  be  shown,  though  they  do  not  yield  it  upon  simple  heating.  When 
Boda  is  fused  on  charcoal  with  a  compound  of  sulphur  (sulphide  or  sulphate), 
sodium  sulphide  is  formed,  and  if  much  sulphur  is  present  the  mass  will 
have  the  hepar  (liver-brown)  color.  In  any  case  the  j)resence  of  the  sulphur 
is  shown  by  placijig  the  fused  mass  on  a  clean  surface  of  silver,  and  adding 
a  dn)p  of  water;  a  black  or  yellow  stain  of  silver  sulphide  will  be  formed. 
Illuminating  gas  often  contains  sulphur,  and  hence,  when  it  is  used,  the 
soda  should  be  fii-st  tried  alone  on  charcoal,  and  if  a  sulphur  reaction  is 
obtained  (due  to  the  gas),  a  candle  or  lamp  must  bo  employed  in  the  place 
of  ^he  gas. 

It  is  also  useful  in  the  case  of  many  minerals  to  test  their  fusibility  or 
infuaibility  with  soda,  generally  on  the  platinum  wire.  Silica  forms  if  not 
in  excess  a  clear  glass  with  soda,  so  also  titanic  acid.  Salts  of  barium  and 
strontium  are  fusible  with  soda,  but  the  mass  is  absorbed  by  the  coal. 
Many  silicates,  though  alone  diflicultly  fusible,  dissolve  in  a  little  soda  to  a 
clear  glafis,  bnt  with  more  soda  they  form  an  infusible  mass.  Manganese, 
when  present  even  in  minute  quantities,  gives  a  bluish-gj-een  color  to  the 
8oda  bead. 
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Characteristic  Bbactions  op  tiie  most  Important  Elements  and  of  some  of 

THEIR  Compounds. 

Tlie  following  list  contains  the  most  characteristic  reactions,  both  before 
the  blowpipe  (J3.B.^  and  in  some  cases  in  the  wet  way,  of  the  diflFerent  ele- 
ments and  their  oxides.  It  is  desirable  for  every  student  to  be  familiar 
with  tiiem.  Many  of  them  have  already  been  briefly  mentioned  in  the 
preceding  pages.  It  is  to  be  remembered  that  while  the  reaction  of  a 
single  substance  may  be  perfectly  distinct  if  alone,  the  presence  of  otlier 
substances  may  more  or  less  entirely  obscure  these  reactions ;  it  is  conse- 
quently obvious  that  in  the  actual  examination  of  minerals  precautions  have 
to  be  taken,  and  special  methods  have  to  be  devised,  to  overcome  the  diffi- 
culty arising  from  tliis  cause.  These  will  be  gathered  from  the  pyrognostic 
characters  given  (by  Prof.  I>rnsli)  in  connection  with  the  description  of 
each  species  in  the  Third  Part  of  tliis  work. 

For  many  substances  the  most  satisfactory  and  delicate  tests  are  those 
which  have  been  given  by  Bunsen  in  his  important  paper  on  Flame-reac- 
tions (Flammenreactionen,  Ann.  Ch.  Pharm.,  cxxxviii.,  257,  or  Phil.  Mag., 
IV.,  xxxii.,  81).  Tlie  methods,  however,  require  for  tiie  most  part  much 
detailed  explanation,  and  in  this  place  it  is  only  possible  to  make  this  gen- 
eral reference  to  the  subject. 

Alumina,  B.B. ;  the  presence  of  alumina  in  most  infusible  minerals, 
containing  a  considerable  amount,  may  be  detected  by  the  blue  color  which 
they  assume  when,  after  being  heated,  they  are  moistened  with  cobalt  solu- 
tion and  again  ignited.  Very  hard  minerals  {e.g.^  corundum)  must  be  fii'st 
finely  pulverized. 

Antimony.  B.B. ;  antimonial  minerals  on  charcoal  give  dense  white 
inodorous  fumes.  Antimony  sulphide  gives  in  a  strong  heat  in  the  closed 
tube  a  sublimate,  black  when  hot,  brown- red  when  cold.     See  also  p.  185. 

In  nitric  acid  compounds  containing  antimony  deposit  white  antimonic 
oxide  (81)205). 

Arseniii,  B.B. ;  arsenical  minerals  give  off  fumes,  usually  easily  recog- 
nized by  their  peculiar  garlic  odor.  In  the  open  tube  they  give  a  white, 
volatile,  crystalline  sublimate  of  ai-senious  oxide.  In  the  closed  tube  ai-senic 
sulphide  gives  a  sublimate  dark  brown-red  when  hot,  and  red  or  reddish- 
yellow  when  cold.  Tiie  presence  of  arsenic  in  minerals  is  often  proved  by 
testing  them  in  the  closed  tube  with  sodium  carbonate  and  potassium  cyan- 
ide. Strong  heating  produces  a  sublimate  of  metallic  arsenic,  proper  pre- 
cautions being  observed. 

Baryta,  BjB. ;  a  yellowish-green  coloration  of  the  flame  is  given  by  all 
baryta  salts,  except  the  silicates. 

In  solution  the  presence  of  barium  is  proved  by  the  heavy  white  precipi- 
tate formed  upon  the  addition  of  dilute  sulphuric  acid. 

Bismuth,  B.B. ;  on  charcoal  alone,  or  with  soda,  bismuth  gives  a  very 
characteristic  orange-yellow  sublimate  (p.  185^.  Also  when  treated  with 
equal  parts  of  potassium  iodide  and  sulphur,  ana  fused  on  charcoal,  a  beauti- 
ful red  sublimate  of  bismuth  iodide  is  obtained. 

Boraeic  acid.  Borates,  B.B. ;  many  compounds  tinge  the  flame  intense 
yellowish-green,  especially  if  moistened  with  sulphuric  acid.    For  allicates 
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the  best  method  is  to  mix  the  powdered  minenil  with  one  part  powdered 
fluorite  and  two  parts  potassium  bisiilpliate.  The  mixture  is  moistened 
and  placed  on  platinum  wire.  At  the  moment  of  fusion  the  green  color 
api>eai*8,  but  lasts  but  a  moment  (ex.  tourmaline). 

lleated  in  a  dibh  with  sulphuric  acid,  and  alcohol  being  added  and 
iifuited,  the  flames  of  the  latter  will  be  distinctly  tinired  ixreen. 

Ciulmium.,  J>.1>. ;  on  charcoal  cadmium  giveS  a  characteristic  sublimate 
of  the  reddish-brown  oxide  ^p.  185). 

Ca}*9)imaieii.  EflFervesce  with  dilute  hydroi^hloric  acid ;  many  require  to 
he  pulverized,  and  some  need  the  addition  of  heat. 

Chlorides.  J>.I>.  ;  if  a  small  ]K)rtion  of  a  chloride  is  added  to  the  bead  of 
salt  of  phosphorus,  saturated  with  copper  oxide,  the  bead  is  instantly  sur- 
n>undea  with  an  intense  purplish  flame. 

In  solution  they  give  with  silver  nitrate  a  white  curdy  i)recipitate,  which 
darkens  in  color  on  expo.sure  to  the  light ;  it  is  insoluble  in  nitric  acid,  but 
entirely  so  in  ammonia. 

Chroiniuiti,  I>.I>. ;  chromium  gives  with  borax  and  salt  of  phosphorus  an 
eineraid-green  bead  (p.  186). 

Cobalt.  D.B. ;  a  beautiful  blue  bead  is  obtained  with  borax  in  both 
flames  from  minerals  containing  cobalt.  Where  sulphur  or  arsenic  is  present 
it  sh(»uld  fii-st  be  roasted  off  on  charcoal. 

Copper.  15* B. ;  on  charcoal  the  metallic  copper  can  be  reduced  from 
most  of  its  compounds.  With  borax  it  gives  a  green  bead  in  the  oxidizing 
flame,  and  in  the  reducing  an  opaque  red  bead  (p.  180). 

Most  metallic  com|K)unds  are  soluble  in  nitric  acid.  Ammonia  produces 
a  green  pi'ecipitate  in  the  solution,  which  is  dissolved  when  an  excess  is 
adde<K  the  solution  taking  an  intense  blue  color. 

Fhutrine,  B.R  ;  heated  in  the  closed  tube  fluorides  give  off  fumes  of 
hydi-ofluoric  acid,  which  react  acid  with  test-paper  and  etch  the  glass. 
Sometimt^s  ix)tassium  bisulphate  must  be  added  (sue  also  p.  LS5). 

lleated  gently  in  a  platinum  crucible  with  sulphuric  acid,  most  com- 
|M)undsgive  off  hydrolluoric  acid,  which  corrodes  a  glass  plate  placed 
over  it. 

Iron.  B.B. ;  with  borax  ii-on  gives  a  bead  (C).K)  which  is  yellow  while 
hot,  but  is  colorless  (»n  cooling;  K.F.,  be(;omes  bottle-green  (see  p.  186). 
(Jn  charcoal  with  soda  gives  a  magnetic  powder.  Minerals  which  contain 
even  a  small  amount  of  iron  vield  a  maicnetic  mass  when  heated  in  the 
reducing  flatne. 

L  ad.  B.B. ;  with  sc)da  on  charcoal  a  nuilleable  globule  of  metallic  lead 
is  obtained  from  lead  compounds  ;  the  coating  has  a  yellow  color  near  the 
assay  and  farther  off  a  white  color  (carbonate) ;  on  being  touched  with  the 
reducin»j  flame  both  of  these  (lisai)pear,  tinging  the  flame  azure  blue. 

In  solutions  dilute  sulphuric  acid  gives  a  white  preci]>itate  of  lead  sul- 
phate ;  when  delicacy  is  re<]uired  an  excess*  of  the  acid  is  added,  the  solution 
evajMirated  to  dryness,  and  water  added,  the  lead  sulphate,  if  present,  will 
then  1)0  left  as  a  residue. 

Lime.  B.B. ;  it  imparts  a  yellowish-red  color  to  the  flame.  In  the  pres- 
ence of  other  alkaline  earths  the  spectroscope  gi  ves  asure  means  of  detecting 
even  when  in  small  quantities.  Many  lime  salts  give  an  alkaline  reaction 
witii  test-paper  after  ignition. 
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In  solutions  containing  lime  salts,  even  when  dilute,  ammonium  oxalate 
throws  down  a  white  precipitate  of  calcium  oxalate. 

Lifhia,  B.B. ;  lithia  gives  an  intense  red  to  the  outer  flame;  in  very  small 
quantities  it  is  evident  in  the  spectroscope. 

Magnesvi.  B  B. ;  moistened,  after  heating,  with  cobalt  nitrate  and  again 
ignited,  a  pink  color  is  obtained  from  infusible  minemls. 

Manganese.  B.B. ;  with  borax  manganese  gives  a  bead  violet-red  (O.F.), 
and  colorless  (E.F.).  AVith  soda  (O.F.)  it  gives  a  bluish-green  bead  ;  this 
reaction  is  very  delicate  and  may  be  relied  upon,  even  in  presence  of  almost 
any  other  metal. 

Mercury,  B.B. ;  in  the  closed  tube  a  sublimate  of  metallic  mercury  is 
yielded  when  the  mineral  is  heated  with  soda.  Mercuric  sulphide  gives  a 
olack  lustreless  sublimate  in  the  tube,  red  when  rubbed  (p.  185). 

Molybdenum..  B.B. ;  on  charcoal  molybdenum  gives  a  copper-red  stain 
O.F.)  which  becomes  azure-blue  when  for  a  moment  touched  with  the  R.F. 
p.  1861 

NiGKel.  B.B. ;  with  borax  nickel  oxide  ffives  a  bead  which  (O.F.)  is  violet 
when  hot  and  red-brown  on  c(x)ling;  (R.F.)  the  glass  becomes  gray  and 
turbid  from  the  separation  of  metallic  nickel,  and  on  long  blowing  colorless. 

Nitrates.  Detonate  when  heated  on  charcoal.  Heated  in  a  tube  witli 
sulphuric  acid  give  off  red  fumes  of  nitric  peroxide. 

Phosphates.  i3.B. ;  most  phosphates  impart  a  green  color  to  the  flame, 
especially  after  having  been  moistened  with  sulphuric  acid,  though  this  test 
may  be  rendered  unsatisfactory  by  the  presence  of  other  coloring  agents. 
If  they  are  used  in  the  closed  tube  with  a  fragment  of  metallic  magnesium  or 
sodium,  and  afterward  moistened  with  water,  phosphuretted  hydrogen  is 
given  off,  recognizable  by  its  disagreeable  odor. 

A  few  drops  of  a  neutral  or  acid  solution,  containing  phosphoric  acid, 

{)roduces  in  a  solution  of  ammonium  molybdate  with  nitric  acid  a  pulveru- 
ent  yellow  precipitate. 

Potash.  B.B. ;  potash  imparts  a  violet  color  to  the  flame  when  alone. 
It  is  best  detected  in  small  quantities,  or  when  soda  or  lithia  is  present,  by 
the  aid  of  the  spectroscope. 

Selenium.  B.B. ;  on  charcoal  selenium  fuses  easily,  giving  off  brown 
fumes  with  a  peculiar  disagreeable  organic  odor  (see  also  p.  185). 

Silica.  B.B. ;  a  small  fragment  ota  silicate  in  the  salt  of  phosphorus 
bead  leaves  a  skeleton  of  silica,  the  bases  being  dissolved. 

If  a  silicate  in  a  fine  powder  is  fused  with  sodium  carbonate  and  the  mass 
then  dissolved  in  hydrochloric  acid  and  evaporated  to  dryness,  the  silica  is 
made  insoluble,  and  when  strong  hydrochloric  acid  is  added  and  then  water, 
the  bases  are  dissolved  and  the  silica  left  behind. 

Many  silicates,  especially  those  which  are  hydrous,  are  decomposed  by 
strong  hydrochloric  acid,  the  silica  separating  as  a  powder  or  as  a  jelly 
(see  p.  181^. 

Suver.  B.B. ;  on  charcoal  in  O.F.  silver  gives  a  brown  coating  (p.  185). 
A  globule  of  metallic  silver  may  generally  be  obtained  by  heating  on  char- 
coal in  O.F.,  especially  if  soda  is  added.  Under  some  circumstances  it  is 
desirable  to  have  recourse  to  cupel lation. 

From  a  solution  containing  any  salt  of  silver,  the  insoluble  chloride  is 
thrown  down  when  hydrochloric  acid  is  added.     This  precipitate  is  insolable 
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in  acid  or  water,  but  entirely  so  in  ammonia.  It  changes  color  on  exposure 
to  the  light. 

Sotia,  B.B. ;  gives  a  strong  yellow  flame. 

Sidvhu7\  Buljpkules^  sulphates,  B.B. ;  in  the  closed  tube  some  sulphides 
give  off  sulphur,  others  sulphurous  oxide  which  reddens  a  strip  of  moistened 
litmus  paper.  In  small  quantities,  or  in  sulpliates,  it  is  best  detected  by 
fusion  on  charcoal  with  soda.  The  fused  mass,  when  sodium  sulphide  has 
thus  been  formed,  is  placed  on  a  clean  silver  coin  and  moistened ;  a  distinct 
black  stain  on  the  silver  is  thus  obtained  (the  precaution  mentioned  on 
p.  187  must  be  exercised). 

A  solution  in  hydrochloric  acid  gives  with  barium  chloride  a  white  in- 
soluble precipitate  of  barium  sulphate. 

Tdlunnm.  B.B. ;  tellurides  heated  in  the  open  tube  give  a  white  or 
grayish  sublimate,  fusible  to  colorless  drops  (p.  185).  On  charcoal  they 
give  a  white  coating  and  color  the  Il.F.  green. 

Tin.  B.B ;  minerals  containing  tin,  when  heated  on  charcoal  with  soda 
or  potassium  cvanide,  yield  metallic  tin  in  minute  globules  (see  also  p.  187). 

Titanium,  IJ.B. ;  titanium  gives  a  violet  color  to  the  salt  of  phosphorus 
bead.  Fused  with  sodium  carbonate  and  dissolved  with  hydrochloric  acid, 
and  heated  with  a  piece  of  metallic  tin  or  zinc,  the  liquid  takes  a  violet 
color,  especially  after  partial  evaporation. 

Tungsten.  B.B. ;  tungsten  oxide  gives  a  blue  color  to  the  salt  of  phos- 
phorus bead  (R.F.).  Fused  and  treated  as  titanic  acid  (see  above)  with  the 
addition  of  zinc  instead  of  tin,  gives  a  fine  blue  color. 

Uranium.  B.B. ;  salt  of  phosphorus  bead,  in  O.F.,  a  greenish-yellow 
bead  when  cool.     In  R.  F.  a  line  green  on  c(M)ling  (p.  187). 

Vanadium.  B.B. ;  the  characteristic  reactions  of  vanadium  with  the 
fluxes  are  given  on  p.  186. 

Zinc.  B.B. ;  on  cliarcoal  compounds  of  zinc  give  a  coating  which  is  yel- 
low-whito  hot  and  white  on  ccnjling,  and  moistened  by  the  cobalt  solution 
and  again  heated  becomes  a  tine  green  (p.  185). 

Zirconia.  A  dilute  hydrochloric  acid  solution,  containing  zirconia,  im- 
parts an  orange-yellow  color  to  turmeric  paper,  moistened  by  the  solution. 

Students  who  desire  to  become  thoroughly  acquainted  with  the  use  of  the 
blowpipe  should  provide  themselves  witb  a  thorough  and  systematic  book 
devoted  to  the  subject.  The  most  complete  American  book  is  that  by  Prof. 
Brush  (Manual  of  Determinative  Mineralogy,  with  an  introduction  on  blow- 
pipe analysis,  New  York,  1875).  Other  standard  works  are  those  of  Ber- 
zelius  (The  use  of  the  Blowpipe  in  Chemistry  and  Mineralogy,  translated  into 
English  by  Prof.  J.  D.  Whitney,  1845),  and  Plattner  (ihinnal  of  Qualita- 
tive and  Quantitative  Analysis  with  the  Blowpipe,  translated  by  Prof.  II. 
B.  Cornwall,  1872).  The  work  of  Prof.  Brush  has  been  freely  used  in  the 
preparation  of  the  preceding  notes  upon  blowpipe  methods  and  reactions. 


Determinative  Minebaloqy. 

Determinative  Mineralogy  may  be  properly  considered  under  the  general 
head  of  Chemical  Mineralogy,  since  the  determination  of  minerals  depends 
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mostly  upon  chemical  tests.  But  crystallographic  and  all  pliyshcal  charactcre 
liave  also  to  ])e  used. 

There  is  but  one  satisfactory  way  in  which  the  identity  of  an  unknown 
mineral  may  in  all  cases  be  fixed  beyond  question,  and  that  is  by  the  use  of 
a  complete  set  of  determinative  tables.  By  means  of  such  tables  the  mineral 
in  liand  is  referred  successively  from  a  general  group  into  a  more  special 
one,  until  at  last  all  other  species  have  been  eliminated,  and  the  identity 
of  the  one  jjiven  is  beyond  doubt. 

A  careful  preliminary  examination  of  the  unknown  mineral  should,  how- 
ev€f,  always  be  made  before  final  recoui-se  is  had  to  the  tables.  This 
examination  will  often  suffice  to  show  what  the  mineral  in  hand  is,  and  in 
anv  case  it  should  not  be  omitted,  since  it  is  only  in  this  way  that  a  practi- 
cal familiarity  with  the  appearance  and  charactere  of  minerals  can  be  gained. 

The  student  will  naturally  take  note  firet  of  those  characters  which  ai*e 
at  once  obvious  to  the  senses,  that  is  :  the  color ^  lustre^  f^^U  general  struc- 
ture^ fracture^  cleavage^  and  also  crystalline  fonn^  if  distinct ;  alsc»,  if  the 
specimen  is  not  t(K)  small,  the  apparent  weight  will  suggest  something  as  to 
the  sj^e<ilji<i  gravity.  The  above  chai-actei-s  are  of  very  unequal  importance. 
Structure,  if  crystals  are  not  present,  and  fracture  are  generally  unessential 
except  in  distinguishing  varieties ;  color  and  lustre  are  essential  with 
metallic,  but  generally  verv  unimportant  with  unmetallic  miuemls.  Streak 
is  of  importance  only  with  colored  minerals  and  those  of  metallic  lusti*e 
(p.  158).  Crystalline  form  and  cleavage  are  of  the  highest  importance,  but 
usually  require  careful  study. 

The  first  trial  should  be  the  determination  of  the  hardness  (for  which  end 
the  pocket-knife  is  often  sufficient  in  experienced  hands).  The  second  trial 
should  be  the  determination  of  the  'Hpecific  gravity.  Treatment  of  the 
powdered  mineral  with  acids  may  couie  next ;  by  this  means  (see  p.  180) 
the  presence  of  carbonic  acid  is  detected,  and  also  other  results  obtained 
(p.  I'Sl).  Then  should  follow  blowpipe  trials,  to  ascertain  \S\^  funHnlity^ 
the  (u>lor  given  to  the  flame,  if  any,  the  character  of  the  sublimate  ^ixqw  off, 
and  the  reactions  with  the.  Jfure^^f  and  other  points  as  explained  in  the  pre- 
ceding jiages. 

How  much  the  observer  learns  in  the  above  way,  in  regard  to  the  nature 
of  his  mineral,  depends  upon  his  knowledge  of  the  characters  of  minerals  in 
general,  and  upon  his  familiarity  with  the  chemical  behavior  of  the  vari- 
ous elementary  substances  (p|).  188  to  11>1)  with  reagents,  and  before  the 
blow'pipe.  If  the  results  of  such  a  preliminary  examination  are  sufficiently 
definite  to  suggest  that  the  mineral  in  hand  is  one  of  a  small  number  of 
species,  rcfei*ence  may  be  made  to  their  full  description  in  Part  111.  of  tliis 
work  for  the  final  decision. 

A  number  of  minor  tables,  embracing  under  appropriate  heads  minerals 
whi(rli  have  some  striking  physical  charactei*s,  are  added  in  the  Appendix. 
Thev  will  in  manv  cases  aid  the  observer  in  reaching  a  conclusion.  In 
addition  to  these  tables,  an  extended  table  is  also  given  for  the  systematic 
determination  of  the  more  important  minerals,  those  described  in  full  in 
the  following  pages.  The  admirable  tables  of  von  Kobell,  as  extended  and 
remodeled  by  Prof.  Brush  (Manual  of  Determinative  Mineralogy,  see  p. 
191),  embracing,  as  they  do,  all  mineral  species,  will  be  found  of  the  greatest 
value,  and  should  be  in  the  hands  of  every  student. 


Pj^RT    III. 


DESCRIPTIVE  MINERALOGY. 


The  following  is  the  system  of  classification  employed  ui  the  arrangement 
of  the  species  in  this  work.  It  is  identical  witii  that  adopted  in  Dana's 
System  of  Mineralogy,  1868,  to  which  treatise  reference  may  be  made  for 
the  discussion  of  the  principles  upon  which  it  is  based.  In  general  only 
the  more  prominent  species  are  enumerated  under  the  successive  heads. 
The  native  elements  are  grouped  as  follows : 
SERIES  I. — ^The  more  basic,  or  electro-positive  elements. 

1.  Gold  group. — Gold,  silver  (also    hydrogen,    potassium, 

sodium,  etc.). 

2.  Ieion  GKorp. — Platinum,  palladium,  mercury,  copper,  iron, 

zinc,  lead  (also  cobalt,  nickel,  chromium,  manganese, 
calcium,  magnesium,  etc.). 

3.  Tin  group. — Tin  (also  titanium,  zirconium,  etc.). 
SEIUES  II. — Elements  generally  electro-negative. 

1.  Arsenic  gkocp. — Arsenic,  antimony,  bismuth,  phosphorus, 

vanadium,  etc. 

2.  Sulphur  group. — Sulphur,  tellurium,  selenium. 

3.  Carbon-silicon  group. — Carbon,  silicon. 
SEEIES  III. — Elements  always  negative. 

1.  Chlorine,  bromine,  iodine. 

2.  Fluorine. 

3.  Oxygen. 


CLASSIFICATION  OF  MINERAL  SPECIES. 

I.  NATIVE    ELEMENTS. 

Gk)ld ;  silver. — ^Platinum  ;  palladium  ;  iridosmine,  IrOs,  etc. ;  mercury ; 
smalgamy  AgHg,  etc.;  copper;  iron. — Arsenic;  antimony;  bismuth. — 
Tellurium ;  Bulpnar. — I)iamond  ;  graphite. 
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II.  SULPHIDES,    TELLURIDES,    SELENIDES,    ARSEN- 
IDES, ANTIMONIDES,  BISMUTHIDES. 


1.  BINARY  COMPOITNDS. — Sclphides  and  Tellubides  of  Metals 

OF   THE    SlLlMUR    AND    AltSENlO    (jKOIPS. 

{a)  Iit(i/(/ar  (jroiip.  Composition  RS.     ironoclinic.     Realgar. 

\b)  Orpinifiiit  group.  Composition  lijSg.    Orthorhombic.  Orpiment* 

rttibnito  ;  bismuthinite. 
[c)  Telradyviite  group,  Tetradymite  Bi2(Te,S)3. 
/)  Molybdenite  grou2>»  C<»mposition  RJSo.     Molybdenite. 


u 


I 


2.  BINARY'  COMPOUNDS. — Sulphides,  Tellurides,  etc.,  of  Metals 
OF  THE  Gold,  Ikon,  and  Tin  Groups. 

A.  BASIC  DIVISION.  — Dyscrasite  ;  domeykite. 

B.  PROTO  DIVISION.— Composition  RS  (or  R3S),  RSe,  RTe. 

{a)  Gahmite  group.  Isometric;    holohedral. — Argentite  ;  galenite  ' 

claiistlmlite;  bornite  ;  alabandite. 
h)  Blende  group.  Isometric  ;  tetrahcdral. — Sphalerite. 
6')  Chalcocite  group,  Orthorliombic. — (>halcocite  ;   acantliite  ;    hes- 

site ;  stromeyerite. 
(d)  Pyrrhotite  group.  Hexagonal. — Cinnabar  ;    millerite ;    pyrrho- 
titc  (Fe;S8) ;  greenockite  ;  niccolite. 

C.  DEUTO  OR  PYRITE  DIVISION.— Composition  RS,,  etc. 

{a)  Py rite  group.  Isometric. — Pyrite ;    linnaaite;    smaltite;  cobal- 

tite;  gersdorftite.. — Chalcopyrite. 
(J)  Marcaslte  group,    Orthorhombic.  —  Marcasite  ;     arsenopyrite  ; 

sylvanite. 
{c)  Nagyagitc.     (d)  Covellite. 

3.  TERNARY    COMPOUNDS.— Sulpharsentpf^,    Sulphantimohites, 
SuLPHouisMrTHrrics. 

{a)  Grot  i»   I.    Atomic   ratio,    R  :  As(Sb) :  S  =  1  :  2  :  4.     Formnla 

R(  As,Sb)2S4  =  RS  4-(As,Sb)2S3.    Miargyrite  ;  8ai*torite ;  zink- 

enito. 
{h)  ScB    (iKon\    At.   Ratio,   R  :  As(Sb^ :  S  =  3  :  4  :  9.      Formnla 

Rji  As,Sb,P>i)4Sj,  =  3RS  4-  2(A8,Sb,Bi)2S8.     Joi-danite  ;  schir- 

mcrite,  etc. 
{c)  Groip   II.    At.   Ratio,  R  :  (As,  Sb) :  S  =  2  :  2  :  5.      Formula 

R/Sb, AsjgSs  =  2RS  -f  (Sb, As^jSg.     Jamesonite ;  dafrenoysite. 
{d)  Groi:p  ill.  At.  Ratio,  R  :  fA's,Sb) :  S  =  3  :  2  :  6.      Formtila 

Rgf  AsjSbjaSg  =  3RS  -h  ( A8,Sb)aS3.       Pyrargyrite,    proustite ; 

bonrnonite;  bonlangerite. 
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(e)  Gkoup  IV.  At  Eatio,  E  :  (A8,Sb,Bi)  :  S  =  4  :  2  :  7.  Formula 
E4(A8,Sb,Bi)2S7  =  4ES+(A8,Sb,Bi)2S8.  Tetrahedrite ;  ten- 
nantite. 

(/)  Group   V.    At.   Eatio,    E  :  (A8,Sb) :  S  =  5  :  2  :  8.      Formula 
E5(A8,Sb)3S8  =  5ES+(AB,Sb)3S8.     Stephanite ;   geocronite. 
Polybasite. — Enargite. 


in.  CHLORIDES,  BROMIDES,  IODIDES. 

1.  ANHYDEOUS   CnLOEIDES.— Composition  mostly  E(C1,  Br,  I) ; 
also  Ea(Cl,Br,I)  (calomel),  and  RClg  (molysite). 

Halite ;  svlvite  ;  ccrargvrite  ;  embolite  ;  brorayrite. 

2.  HYDltoUS  CIILOEIDES.— Carnallite.    Tachhydrite. 

3.  OXYCHLOEIDES.— Atacamite  ;  matlockite. 


IV.  FLUORIDES. 

1.  ANHYDEOUS  FLUOEIDES.     Fluorite ;  sellaite.— Cryolite. 

2.  HYDEOUS  FLUOEIDES.— Paclinolite ;  ralstonite. 


V.  OXYGEN  COMPOUNDS. 

L  OXIDES. 

1.  OXIDES  OP  Metals  of  the  Gold,  Iron,  and  Tin  Groups. 

A.  ANHYDROUS  OXIDES. — (a)  PROTOxroES. — Binary   compounds  of 

I 

oxygen  with  a  univalent  or  bivalent  element.  Formula  EO  or  (EjO). 
Cuprite ;  zincite  ;  tenorite. 

(^)  Sesquioxtdf^. — Binary  compounds  of  oxygen  with  a  sexivalent  ele- 
ment. Formula  KO3.  Corundum ;  hematite,  xhis  group  also  includes 
menaccanite  and  perofskitc. 

{c)  Compounds  of  PRoxoxroEs  and  Sesquioxides. — Ternary  compounds 
of  oxygen  with  a  bivalent  and  a  sexivalent  element.  Formula  EKO4  =  EO 
+  R08. 

Spinel  Group,  Isometric. — Spinel ;  gahnite  ;  magnetite  ;  franklinite ; 
chromite.     Hexagonal. — Clirysoberyl. 

(rf)  Deutoxides. — Binary  compounds  of  oxygen  with  a  quadrivalent  ele- 
me»it    Formula  EOj. 

Tetragonal. — liutUe  Group. — Cassiterite  ;  rutile ;  octahedrite ;  haus- 
mannite ;  braunnite.     Orthorhombic. — Brookite ;  pyrolusite. 

B.  HYDROUS  OXIDES.— Turgite.—Diaspore ;  gothite;  manganite.— 
Limoiiite. — Bmcite ;  gibbsito. — Psilomelane. 
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2.  OXIDES  OF  Metals  of  the  Arset^io  and  Sulphub  Qboups. 
Isometric. — Arsenolite ;     senarmontite.       Orthorhombic.  —  Claudetite  ; 

valentinite ;  bisinite,  etc. 

3.  OXIDES  OF  the  Oaebon-silioon  Group. — Quartz ;  tridymite ;  as- 
inaiiite ;  opal. 

II.  TERNARY  OXYGEN  COMPOUNDS. 

1.  SILICATES. — A  Anhydrous  Silicates. 

(a)  BisiLiCATES. — Salts  of  meta-Bilicic  acid,  HgSiOg.  Quantivalent  ratio 
for  basic  elements  and  silicon,  1  :  2.  General  formula  RSiOj.  This  may 
be  written  :  R  |  Og  ||  SiO,  to  indicate  that  part  only  of  the  oxygen  is  regarded 
as  linking  oxygen,  or,  taking  into  account  the  quantivalence  of  the  various 
basic  elements  that  may  be  present,  R-j,  aR,  fill  ||  O2  J  SiO. 

(a)  Atriphihole  group.  Pyroxene  section  (/A  /=  86°-88°).  Orthorhom- 
bic.  —  Enstatite  ;  hypersthene.  Monoclinic.  —  Wollaston ite ;  pyroxene  ; 
acmite  ;  aegirite.  Triclinic. — Rhodonite  ;  babingtonite.  —  Spodumene  ; 
petalite. 

{b)  Avvphibole section  {IaI=  123^-125°).  Orthorhombic. — ^Anthophyl- 
lite,  kupfferite.     Monoclinic^  amphibole  ;  ariEvedsonite. 

Beryl.    Eudialjte.     Pollucite. 

(i8)  Unisilioates. — Salts  of  the  normal  silicic  acid,  Il4Si04.  Quantivalent 
ratio  for  basic  elements  and  silicon,  1  :  1.  General  formula  R8Si04.  This 
may  be  written  :  Rg  |  O4  j  Si,  to  show  that  all  the  oxygen  is  regarded  as 
linking  oxygen,  or,  R2,aR,  /8R  j|  O4 1  Si.  The  latter  formula  shows  that, 
though  elements  of  different  quantivalence  may  be  present,  the  same  uni- 
silicate  type  still  exists.  The  excess  of  silica  sometimes  present  in  both 
bisilicates  and  nnisilicates,  as  well  as  other  deviations  from  the  ordinary 
types,  are  remarked  upon  in  the  pages  which  follow. 

{a)  Chrysolite  g7*oup.  Orthorhombic,  /A /=  91°-95'' ;  O  A 1-5  =  124^-- 
129°.— ^Chrysolite,  forsterite,  tephroite,  monticellite,  etc. 

{b)  WilUmite  group.  Hexagonal,  R  A  R  =  116°-117°.— Willemite,  diop- 
tase,  phenacite. 


(&j  Isometric.     Helvite.     Danalite,  R2Si04+RS. 


Garnet  group.  Isometric. — Q.  ratio  for  R  :  S  :  Si  =  1  :  1 :  2.  Gen- 
eral iormula  RgRSiaOia. 

{e)    Vesuvianite  group.  Tetragonal. — Zircon,  vesuvianite. 

(/ )  Epldote  group.  Anisometric. — Epidote  ;  allanite  ;  zoisite  ;  gadoli- 
nite ;  ilvaite. 

(a)  Triclinic.     Axinite.     Danburite. — (A)  lolite. 

\K)  Mica  group,  It\I :=^  120''.  Cleavage  basal  perfect;  optic  axis  or 
acute  bisectrix  normal  to  the  cleavage-plane. — Phlogopite ;  biotite;  lepido- 
melane  ;  muscovite  ;  lepidolite. 

{t)  Scapolite  g^rovp.  Tetragonal. — Sarcolite;  meionite;  wemerite; 
ekebergite. 

{m)  Hexagonal.  Nephelite.  Isometric. — Sodalite  ;  haiiynite  ;  noeite ; 
leucite. 
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Feldspar  group.  Monoclinic  or  triclinic.  /A  /near  120°  ;  Q.  ratio  for 
R  :  R  =  1  :  3.  Anorthite  ;  labradorite ;  andesite ;  hyalophane ;  oligo- 
clase  ;  albite  ;  orthoclase  (microcliiie). 

(7)  SuBsiLicATKS. — {<£)  Q.  ratio  for  bases  to  silicon,  4  :  3.  Chondrodite. 
Tourmaline. 

(i)  Q.  ratio  for  bases  to  silicon,  3  :  2.  Gehlenite. — Andalusite;  fibrolite; 
cyanite  (ArlSiO^). — Topaz ;  eiiclase  ;  datolite. — Guarinite  ;  titanite ;  keil- 
liaiiite ;  tscheffkinite. 

(0)  Q.  ratio  for  bases  to  silicon,  2  :  1.     Staurolite. 

B.  Hydrous  Silicates — General  Section. 

61SILIOATES. — Pectolite  ;  laumontite  ;  okenite. — Chrysocolla ;  alipite,  etc 
Unisilicates. — Calamine ;  prehnite. — Thorite.    Pyrosmalite. — ^Apophyl- 
lite. 

SuBSiLicATES. — Allophanc. 

Zeolite  Section. 

Thomsonite  ;  natrolite  ;  scolecite  ;  mesolite. — Levynite. — Analcite. — 
Chabazite ;  gmelinite ;  herschelite. — ^^Phillipsite. — Harmotome. — Stilbite ; 
heulandite. 

Maroarophyllite  Section. 

618ILIOATE8. — Talc.     Pyrophyllite. — ScpioHte  ;  glauconite. 

Unisilicates. — Serpentine  group.  Serpentine  ;  deweylite  ;  genthite. 

Kaolinite  group.  Kaolinite  ;  pholcrite  ;  halloysite. 

Pinite  group.  JPinite,  etc. ;  palagonite. 

Hydro-mica  group.  Fahlunite  ;  margarodite ;  damourite  ;  paragonite ; 
oookeite. — Hisiugerit^. 

Chlorite  group.  Vermieulites,  Q.  ratio  of  bases  to  silicon,  1:1.  Pyro- 
sclerite ;  jefferisite,  etc. — Penninite. — Ripidolite  ;  prochlorite. — Cliloritoid ; 
margarite.    Seybertite. 


2.  TANTALATES,  COLUMBATES. 

Pyrochlore. — ^Tantalite ;   columbite ;   yttrotantalite ;    samarskite ;  enxe- 
nite ;  seschynite,  etc 


3.  PHOSPHATES,  ARSENATES,  VANADATES. 

AiiHTDBous. — Xenotime  TgPaOg ;  pucherite. — Descloizite. 
Hexagonal. — Formula  3R3(P,A8,V)808-f R(C1,F)2.      Apatite;   pyromor- 
phite;   mimetite;  vanadinite. 
Waguerite;  monazite. — ^Triphylite;  triplite. — Amblygonite  (hebronite). 
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Htdeous. — Pharmacolite ;  brushite. — ^Vivianite;  erythrita — Libethinite; 
olivenite. — Liroconite  ;  pseudomalachite. — Clinoclasite. — Lazulite  ;  scoro- 
dite  ;  wavellite  ;  phamiacoeiderite. — Childreuite. — Turquois ;  cacoxeuite. 
— Torbeniite ;  autunite. 

Hydnms  antimonate. — ^Bindheiinite. 


4.  BORATES. 

SasBolite  ;   snssexite  ;   ludwigite. — Boracite  ;    nlexite  ;    priceite. — War- 
wickite. 


5.  TUNGSTATES,    general    formula   EWO4 ;    MOLYBDATES,  RM0O4; 

CHROMATES,  RCr04. 

Wolframite ;  scheelite ;  stolzite. — Wulfeiiite. — Crocoite ;  phosuicocliroite. 


6.   SULPHATES. 

Anhydrous. — General  formula  IISO4.  Orthorhombic  /A  /  =  100°-106®. 
— Barite ;  celestite  ;  anhydrite  ;  anglcsite  ;  zinkosite  ;  leadhillite. 

Caledonite. — Dreelite ;  susaiinite  ;  connellite. — Glauberite  ;  lanarkite. 

Hydrous  sulphates. — Mirabilite. — Gypsum.  — Polyhalite. — Epsomite. 

C(yppera9  group,  Chalcanthite,  CuS04+5aq,  also  the  other  vitriols, 
JElS()4-f-7aq. 

Oipiapite. — Aluminite. — Linaritc  ;  brochantite,  etc. 

Tkllurates. — Montanite,  Bi3TeOe-f-2aq. 


7.  CARBON  A.TES. 

Anhydrous. — Calcite  group.  Rhombohedral  General  formula,  RCOg. 
— Calcite  ;  dolomite  ;  ma^^nesite  ;  siderite  ;  rhodochrosite  ;  smithsonite. 

Aragonite  group.  Orthorhombic. — Aragonite  ;  witherite ;  strontianite  ; 
cerussite  ;  baryto-calcite. — Phosgenite. 

II YDUuus  cARBONATKs. — Gay lussite, — Ily dromagnesite. — Hy drozincite ; 
malachite  ;     azurite. — Bisnmtite,  etc. 


VI.  HYDROCARBON  COMPOUNDS. 


I.  NATIVE  ELEMENTS. 

GOLD. 

leometric.  The  octahedron  and  dodecahedron  the  most  common  forms. 
Crystals  eometimee  aciuiilar  tlu-onifh  elongation  of  o<!ta-  415 

hcdial  or  other  forma ;  aleo  paeBuig  into  filiform,  reti- 
culated, and  arborescent  shapes ;  and  occasionally 
spongiform  from  an  a^ijregatioii  of  filaments  ;  ed^B  of 
crystals  often  salient  (i.  415),  Cleavage  none.-  Twins  : 
twinniug-plane  ontaliedral.  Also  massive  and  in  thin 
laminse.  Often  in  flattened  grains  or  scales,  and  rolled 
masses  in  sand  or  gravel, 

n.=2-5-3.     a=15-e-19-5;  19-30-1 9-34,  when  qnite 
pure,  tr.   Hose.     Lustre    metallic.     Color   and  streak 
varions  shades  of  gold-yollow,  sometimes  inclining  to  eilver-wliite. 
ductile  and  malleable. 

OompokltloD,  7ul«Uak. — Qold,  but  contaioing  mWez  in  diffeioDt  propoTtionn,  and  some- 
timeflftlBotrac^of  oopper,  iron,  biBiQulb  (mn&^neff).  pallBdiiiiii.  Thodiuin.  Vai.  1.  Ordinitrg, 
Containiny  Ol'i  to  18  p.  c.  of  silTer.  Color  Torying,  aocordinglj,  from  deep  gold-yellow  to 
pale  yellow;  G.  =  l!l-15-3.  2.  Argentifiroat ;  h'Uctrum.  Color  pale  yellow  to  yeUonrish- 
wbite;  0.  =  15'5-'12  5.  Katiofor  the  gold  and  silver  of  I  :  1  coneBpQadBlolt.f'i^p.  o.  o(BU*er, 
S  :  1,  to 21 -Up.  0. 

The  BTernge  proportion  of  gold  in  the  native  gold  of  Califocnin,  as  deiivGd  from  aawyB  of 
•everal  bnndied  millions  of  dollars'  worth,  ia  HUO  thoiuandtbs ;  wbile  the  range  is  moellj 
between  »70  and  8UU  (Prof.  J.  C.  Booth,  of  U.  S.  MintJ.  The  range  in  the  metal  of  Australia 
ia  mostly  between  000  and  MO.  with  an  average  of  ))2o.  The  gold  of  the  Chundifite.  Caiiadm 
oontains  mnially  10  to  15  p  o.  of  silver  ;  while  that  of  Nova  3coti-i  is  very  neirly  pure.  The 
Chilian  gold  alforded  Domeyko  84  to  9(1  per  cent,  of  gold  and  15  to  £1  per  cent,  of  aiWer. 
(Ann.  d.  Mines,  IV.  vi. ) 

Fyroguoatio  and  othor  Chemical  Oharaotart. — B.B.  fuses  easQy.  Not  acteil  on  by  HuxeiL 
Insoluble  in  any  single  aoid ;  soluble  in  nitio- hydrochloric  aoid  (aqna-regia). 

D  B, — Beadily  reoognized  by  its  malleability  and  spcoiGc  gravity.  Distinguished  by  it* 
Inaolability  in  nitiic  acid  from  pyrite  and  chalcopyrlte. 

ObaerTations. — Native  gold  is  found,  when  iii  lUv,  with  comporBtivcly  Hmoll  ciceptioiia, ' 
In  the  qnarti  veins  that  intersect  metamorpbio  rooks,  and  to  some  eileut  in  the  wall  rook  of 
these  veins.  The  metamorphio  rockn  thus  intersected  are  mostly  chloritic.  talcose,  and 
srgillaoeoQS  schist  of  dull  green,  dark  gray,  and  other  colors  \  also,  much  less  commonly, 
mica  and  homblendio  schist,  gnpiss.  dioryte,  pori'''r[7 ;  '>"'l  *'''"  more  rarely,  granite.  A 
lunlnated  quartxyte,  called  itacolumytc,  is  common  in  many  gold  re^fions,  as  those  of  Brazil 
and  North  Carolina,  and  sometimes  specular  schists,  or  slaty  rocks  containing  much  I'jIJaled 
•pecDlar  iron  (hematite),  or  ma^etite  in  grains. 

The  gold  oocam  in  the  quartz  in  ttiiugH,  scales,  plates,  and  in  masses  which  are  sometime* 
an  agglomeration  of  crystals  ;  and  the  scnles  are  often  invisible  to  the  naked  eye.  massiva 
qoarti  that  apparently  oontains  no  ^old  frequently  yielding  a  oonsiderahle  percciitaf^  Xa  tho 
■ssayer.  It  is  always  very  irregularly  dii<tributed,  and  never  in  continuoun  pure  bands  of 
metal,  like  many  metallic  ores.  It  occncs  botb  disseminated  tbrongh  the  mass  of  tbe  qoorts. 
and  in  its  cavities.  The  associated  mineral-,  are  :  pyrite.  whiub  lac  exceeds  in  quantity  all 
others,  and  is  generally  auTifrroiis ;  next,  cbulcopyrite.  galenite,  sphalerite,  arsenopyrite, 
each  frequently  auriferous  ;  often  tetradymlte  and  other  tellurium  ores,  nntive  bismuth,  sUb- 
nite,  magnetite,  hematite '   sometimes  barite,  apatite,  fluorite,  aiderite,  chrysocoUa. 

Tbe  Katd  of  the  world  has  been  mostly  gathered,  not  directly  from  the  quartz  veins,  but 
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from  the  grtLvel  or  sands  of  rivers  or  valleys  in  auriferous  regions,  or  fhe  slopes  of  motmtains 
or  hillSf  whose  rocks  contain  in  some  part,  and  generally  not  far  distant,  aoriferoos  veins ; 
such  mines  are  often  called  alluvial  washings  ;  in  California  pfacer-diggings.  Most  of  the  gold 
of  the  Urals,  Brazil,  Australia,  and  all  other  gold  regions,  has  come  from  such  alluvial  wash- 
ings. The  alluvial  gold  is  usually  in  flattened  scales  of  different  degrees  of  fineness,  the  sixe 
depending  partly  on  the  original  condition  in  the  quartz  veins,  and  partly  on  the  distance  to 
which  it  has  been  transported.  Transportation  by  running  water  is  an  as8ort«ng  process  ;  the 
coarser  particles  or  largest  pieces  requiring  rapid  currents  to  transport  them,  and  dropping 
firat,  and  the  finer  being  carried  far  away — sometimes  scores  of  miles.  A  cavity  in  the  rocky 
slopes  or  bottom  of  a  valley,  or  a  place  where  th6  waters  may  have  eddied,  generally  proves 
in  such  a  region  to  be  a  pocket  full  of  gold. 

In  the  auriferous  sands,  crystals  of  zircon  are  very  common ;  also  garnet  and  cyanite  in 
grains ;  often  also  monazite,  diamonds,  topaz,  magnetite,  corundum,  iridosmine,  platinum. 
The  zircons  are  sometimes  mistaken  for  diamonds. 

Gold  exists  more  or  less  abundantly  over  all  the  continents  in  most  of  the  regions  of  crystal- 
line rocks,  especially  those  of  the  semi-crystalline  schists  ^  and  also  in  some  of  the  large 
islands  of  the  world  where  such  rocks  exist.  In  Europe,  it  is  most  abundant  in  Hungary  and 
in  Transylvania  ;  it  occurs  also  in  the  sands  of  the  Rhine,  the  Reuss,  the  Aar,  the  Rhone,  and 
the  Danube ;  on  the  southern  slope  of  the  Pennine  Alps,  from  the  Simplon  and  Monte  Rosa 
to  the  valley  of  Aosta ;  in  Piedmont ;  in  Spain,  formerly  worked  in  Asturias  ;  in  many  of  the 
streams  of  Cornwall ;  near  Dolgelly  and  other  parts  of  North  Wales ;  in  Scotland  ;  in  the 
county  of  Wicklow,  Ireland  ;  in  Sweden,  at  Edelfors. 

In  Asia,  gold  occurs  along  the  eastern  flanks  of  the  Urals  for  500  miles,  and  is  especially 
abundant  at  the  Beresov  mines  near  Katharinenburg  (lat.  56°  40'  N.) ;  also  obtained  at  Petro- 
pavlovski  (60"*  N.) ;  Nischne  Tagilsk  (50''  N.) ;  Miosk,  near  Slatoust  and  Mt.  Ilmen  (55*'  N., 
where  the  largest  Rassian  nugget  was  found),  ete.  Asiatic  mines  occur  also  in  the  Cailas 
Mountains,  in  Little  Thibet,  Ceylon,  and  Malacca,  China,  Corea,  Japan,  Formosa,  Sumatra, 
Java,  Homeo,  the  Philippines,  and  other  East  India  Islands. 

In  Africa,  gold  occurs  at  Kordofan,  between  Darfour  and  Abyssinia ;  also,  south  of  the 
Sahara  in  Western  Africa,  from  the  Senegal  to  Cape  Palmas  ;  in  the  interior,  on  the  Somat, 
a  day's  journey  from  Cassen  ;  along  the  coast  opposite  Madagascar,  between  S2°  and  85°  S., 
supposed  by  some  to  have  been  the  OpfUr  of  the  time  of  Solomon.  . 

In  South  America,  gold  is  found  in  Brazil ;  in  New  Granada  ;  Chili ;  in  Bolivia  ;  sparingly 
in  Peru.  Also  in  Central  America,  in  Honduras,  San  Salvador,  Guatemala,  Costa  Rica,  and 
near  Panama  ;  most  abundant  in  Honduras. 

In  North  America,  there  are  numberless  mines  along  the  mountains  of  Western  America, 
and  others  along  the  eastern  range  of  the  Appalachians  from  Alabama  and  (Georgia  to  Labra- 
dor, besides  some  indications  of  gold  in  portions  of  the  intermediate  Archean  region  about 
Lake  Superior.  They  occur  at  many  points  along  the  higher  regions  of  the  Rocky  Mountains, 
in  Mexico,  and  in  New  Mexico,  in  Arizona,  in  the  San  Francisco,  Wauba,  Tuma,  and  other 
districts ;  in  Colorado,  abundant,  but  the  gold  largely  in  auriferous  pyrite ;  in  Utah,  and 
Idaho,  and  Montana.  Also  along  ranges  between  the  summit  and  the  Sierra  Nevada,  in  the 
Humboldt  region  and  elsewhere.  Also  in  the  Sierra  Nevada,  mostly  on  its  western  slope 
(the  mines  of  the  eastern  being  principally  silver  mines).  The  auriferous  belt  may  be  said  to 
beg^  in  the  Calif omian  peninsiila.  Near  the  Tejon  pass  it  enters  California,  and  beyond  for 
180  miles  it  is  sparingly  auriferous,  the  slate  rocks  being  of  small  breadth ;  but  beyond  this, 
northward,  the  slates  increase  in  extent,  and  the  mines  in  number  and  productiveness,  and 
they  continue  thus  for  200  miles  or  more.  Gold  occurs  also  in  the  Coast  ranges  in  many 
localities,  but  mostly  in  too  small  quantities  to  be  profitably  worked.  The  regions  to  the 
north  in  Oregon  and  Washington  Territory,  and  the  British  Possessions  farther  north,  as  also 
our  possessions  in  Alaska,  are  at  many  points  auriferous,  and  productively  so,  though  to  a 
less  extent  than  California. 

In  eastern  North  America,  the  mines  of  the  Southern  United  States  produced  before  the 
California  discoveries,  in  1849,  about  a  million  of  dollars  a  year.  They  are  mostly  confined 
to  the  States  of  Virginia,  North  and  South  Carolina,  and  Georgia,  or  along  a  line  from  the 
Rappahannock  to  the  Coosa  in  Alabama.  But  the  region  may  be  said  to  extend  north  to 
Canada ;  for  gold  has  been  found  at  Albion  and  Madrid  in  Maine ;  Canaan  and  Lisbon,  N.  H.  ; 
Bridgewater,  Vermont ;  Dedham,  Mass  Traces  occur  also  in  Franconia  township,  Mont- 
gomery Co. ,  Pennsylvania.  In  Canada,  gold  occurs  to  the  south  of  the  St.  Lawrence,  in  the 
soil  on  the  Chaudicre,  and  over  a  considerable  region  beyond.  In  Nova  Sootia,  mines  are 
worked  near  Halifax  and  elsewhere. 

In  Australia,  which  is  fully  equal  to  California  in  productiveness,  and  much  superior  in  the 
purity  of  the  metal,  the  principal  gold  mines  occur  along  the  streams  in  the  mountaina  of 
N.  S.  Wales  (S.  £.  Australia),  and  along  the  continuation  of  the  same  range  in  Yictozia 
(S.  Australia). 
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Isometric.  Cleavage  none.  T^vin8 :  twinning-plane  octahedral.  Com- 
monly coarse  or  fine  filiform,  reticulated,  arborescent ;  in  the  latter,  the 
branches  pass  oflF  either  (1^  at  right  angles,  and  are  crystals  (usually  octa- 
hedrons) elongated  in  the  direction  of  a  cubic  axis,  or  else  a  succession  of 
partly  overlapping  crystals ;  or  (2)  at  angles  of  60°,  they  being  elongated  in 
the  direction  of  a  dodecahedral  axis.  Crystals  generally  ol)liqueIy  pro- 
longed or  shortened,  and  thus  greatly  distorted.  Also  massive,  and  in 
plates  or  superficial  coatings. 

IL=2'5-3.  G.=10'l-ll*l,  when  pure  10*5.  Lustre  metallic.  Color 
and  streak  silver-white ;  subject  to  tarnish,  by  which  the  color  becomes 
grayish-blac^k.     Ductile. 

Oomp.,  Var« — Silyer,  with  some  copper,  gold,  and  sometimes  platinum,  antimony,  bismuth, 
meiouiy. 

Ordina/ry.  {a)  crystallized ;  {b)  filiform,  arborescent ;  (e)  massive.  Auriferoxis.  Contains 
10  to  80  p.  c.  of  gold  ;  color  white  to  pale  brass-yellow.  There  is  a  gradual  passage  to  argen- 
tiferouB  g^ld.     Uupriferous,     Contains  sometimes  10  p.  c.  of  copper. 

Pyr.,  etc. — B.B.  on  charcoal  fuses  easUy  to  a  sUver- white  globule,  which  in  O.F.  g^ves  a 
faint  dark-red  coating  of  the  oxide ;  crystallizes  on  cooling.  Soluble  in  nitric  acid,  and 
deposited  again  by  a  plate  of  copper. 

Ob*. — Native  silver  occurs  in  masses,  or  in  arborescent  and  filiform  shapes,  in  veins  travers- 
ing gneiss,  schist,  porphyry,  and  other  rocks.  Also  occurs  disseminated,  but  usually  invisibly, 
in  natiye  copper,  galenite,  chalcocite,  etc. 

The  mines  of  Kongsberg,  in  Norway,  have  afforded  magnificent  specimens  of  native  silver. 
The  principal  Saxon  localities  are  at  Freiberg,  Schneeberg,  and  Johanugeorgenstadt ;  the 
Bohemian,  at  Przibram,  and  Joachimsthal.  It  also  occurs  in  smaU  quantities  with  other  ores, 
at  Andreasberg,  in  the  Harz ;  in  Suabia ;  Hungary ;  at  AUemont  in  Dauphiny ;  in  the 
Ural  near  Beresof  ;  in  the  Altai,  at  Zm^off  ;  and  in  some  of  the  Cornish  mines. 

Mexico  and  Peru  have  been  the  most  productive  countries  in  silver.  In  Mexico  it  has 
been  obtained  mostly  from  its  ores,  while  in  Peru  it  occurs  principally  native.  In  Durango, 
Sinaloa,  and  Sonora,  in  Northern  Mexico,  are  noted  mines  affording  native  silver. 

In  the  United  States  it  is  disseminated  through  much  of  the  copper  of  Michigan,  occasion- 
aUy  in  spots  of  some  size,  and  sometimes  in  cubes,  skeleton  octahedrons,  etc. ,  at  various 
mines.  In  Idaho,  at  the  '*  Poor  Man^s  lode,"  large  masses  of  native  silver  have  been  ob- 
tained. In  Nevada,  in  the  Comstock  lode,  it  is  rare,  and  mostly  in  filaments  ;  at  the  Ophir 
mine  rare,  and  disseminated  or  filamentous  ;  in  California,  sparingly,  in  Silver  Mountain  dis- 
trict, Alpine  Co. ;  in  the  Maris  vein,  in  Los  Angeles  Co. ;  in  the  township  of  Ascot,  Canada. 


PIaATZNUM. 


Isometric.  Rarely  in  cubes  or  octahedrons.  Usually  in  grains ;  occa- 
sionally in  irregular  lumps,  rarely  of  large  size.     Cleavage  none. 

H.=4-4-5.  G.=16-19;  17-108,  small  grains,  17-608,  a  mass,  Breith. 
Lustre  metallic.  Ck)lor  and  streak  whitish  steel-gray  ;  shining.  Opaque. 
Ductile.     Fracture  hackly.     Occasionally  magueti-polar. 

Oomp. — Platinum  combined  with  iron,  iridium,  osmium,  and  other  metals.  The  amount 
of  iron  varies  from  4-20  p.  c. 

Pyr.,  etc  — Infusible.  Not  affected  by  borax  or  salt  of  phosphorus,  except  in  the  state  of 
fine  dnst,  when  reactions  for  iron  and  copper  may  be  obtained.  Soluble  only  in  heated  nitro- 
hjdxoohlorio  add. 


202  DESCBIFnYE  KINEBALOaT. 

Dift — Distingnished  bj  its  malleability,  high  specific  gr&rity^  infusibiliiy,  and  entire  insol- 
ubility in  the  ordinary  acids,     i 

Obs — Platinum  was  first  found  in  pebbles  and  small  grains  in  the  alluvial  deposits  of  the 
river  Pinto,  in  the  district  of  Ghoco,  near  Popayan,  in  ^outh  America,  where  it  received  its 
name  plntina,  from  fAata^  silver.  In  the  province  of  Antioquia,  in  Brazil,  it  has  been  found 
in  auriferous  regions  in  syenite  (Boussingault). 

In  Russia,  it  occurs  at  Nischne  Tagilsk,  and  Goroblagodat,  in  the  Ural,  in  alluvial  material. 
Formerly  used  as  coins  by  the  Russians.  Russia  affords  annually  about  dOO  cwt.  of  platinum, 
which  is  nearly  ten  times  the  amount  from  Brazil,  Columbia.  St.  Domingo,  and  Borneo. 
Platinum  is  also  found  on  Borneo ;  in  the  sands  of  the  Rhine ;  at  St.  Aray,  val  du  Drac ; 
county  of  Wicklow,  Ireland ;  on  the  river  Jocky,  St.  Domingo  ;  in  California,  but  not  abun- 
dant :  in  traces  with  gold  in  Rutherford  Co.,  North  Carolina ;  at  St.  Francois  Beauoe,  etc., 
Canada  East. 

PLATiNiumiUM.  —Platinum  and  iridium  in  different  proportions.     Urals  ;  Brazil. 

PALLADIUM. 

Isometric.  In  minute  octahedrons,  Haid.  Mostly  in  grains,  sometimes 
composed  of  diverging  fibres. 

II.= 4*5-5.  G.= 11*3-1 1-8,  Wollaston.  Lustre  metallic.  Color  whitish 
steel-gray.     Opaque.     Ductile  and  malleable. 

Oomp. — Palladium,  alloyed  with  a  little  platinum  and  iridium,  but  not  yet  analyzed. 

Obs. — Palladium  occurs  with  platinum,  in  BrazU,  where  quite  large  masses  of  the  metal 
are  sometimes  met  with  ;  also  reported  from  St.  Domingo,  and  the  Ural. 

Palladium  has  been  employed  for  balances  ;  also  for  the  divided  scales  of  delicate  apparatus, 
for  which  it  is  adapted,  because  of  its  not  blackening  from  sulphur  gases,  while  at  the  same 
time  it  is  nearly  as  white  as  silver. 

IRIDOSMINH.    OEmiridionL 

Hexagonal.  Rarely  in  hexagonal  prisms  with  replaced  basal  edges. 
Commonly  in  irregular  flattened  grains. 

H.=6-7.  G.  =  19-3-2l-12.  Lustre  metallic.  Color  tin-white,  and  light 
steel  gray.     Opaque.     Malleable  with  difficulty. 

Oomp.,  Var  — Iridium  and  osmium  in  different  proportions.  Two  varieties  depending  on 
these  proportions  have  been  named  as  species,  but  they  are  isomorphons,  as  are  the  metals 
(G.  Rose).     Some  rhodium,  platinum,  ruthenium,  and  other  metals  are  usually  present. 

Var.  1.  Neirjanskite,KB.\di,\  H.=7;  G. =18 '8-19  5.  In  flat  scales;  color  tin-white.  Over 
40  p.  c.  of  Iridium.     Probably  IrOs. 

2.  BiHserHkiUy  Haid.  In  flat  scales,  often  six-sided,  color  grayish-white,  steel-g^y.  G.  -^ 
20-21  '2.  Not  over  30  p.  c  of  iridium.  One  kind  from  Nischne  Tagilsk  afforded  Beneliu<s 
IrOB4=Iridium  19*9,  osmium  801=100  :  G.  =21*118.  Another  corresponded  to  the  formula 
IrOs,. 

"Pyr^  etc. — At  a  high  temperature  the  sisserskite  gives  out  osmium,  but  undergoes  no 
further  change.  The  newjanskite  is  not  decomposed  and  does  not  give  an  osmium  odor  until 
fused  with  nitre. 

Diff. — Distinguished  from  platinum  by  its  superior  hardness. 

Obs. — Occurs  with  platinum  in  the  province  of  Choco  in  South  America  ;  in  the  Ural  moun- 
tains ;  in  AuBtralia.  It  is  rather  abundant  in  the  auriferous  beach  sands  of  northern  Gali- 
foruia,  occurring  in  small  bright  lead-colored  scales,  sometimes  six-sided.  Also  traces  in  tho 
gold-washings  on  the  rivers  du  Loup  and  des  Plantes,  Canada. 

MBROURT.    Quicksilver.     Gediegeu  Quecksilber,  Oerm, 

Ipometnc.     Occurs  in  small  fluid  globules  scattered  through  its  gangue. 
Q.= 13.568.    Lustre  metallic.    Color  tin- white.    Opaque. 
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Ck>mp. — ^Pare  mercnry  (Hg) ;  with  sometimes  a  little  silver. 

Pyr.,  etc. — B.B.,  entirely  volatile.     Dissolves  readily  iii«dtric  acid. 

Obs. — Mercury  in  the  metallic  state  is  a  rare  mineral ;  the  quicksilver  of  commerce  is  ob- 
tained mostly  from  cinnabar,  one  of  its  ores.  The  rooks  affording  the  metal  and  its  ores  are 
mostly  clay  shales  or  schists  of  different  geological  ages. 

Its  most  important  mineja  are  those  of  Idiia  in  Gamiola,  and  Almaden  in  Spain.  It  is 
found  in  small  quantities  in  Cariuthia,  Hungary,  Peru,  and  other  countries ;  in  California, 
especially  in  the  Pioneer  mine,  in  the  Napa  Valley. 


AMALQAM, 

Isometric.  The  dodecahedron  a  common  form,  also  the  cube  and  octa- 
hedron in  combination  (see  f.  40,  41,  etc.,  p.  15).  Cleavage :  dodccahedral 
in  traces.     Also  massive. 

lI.=3-3*5.  G.=13.75-14.  Color  and  streak  silver-white.  Opaque. 
Fracture  conchoidal,  uneven.  Brittle,  and  giving  a  giating  noise  when 
cut  with  a  knife. 

Oomp.— Both  Ag  Hg  (= Silver  35-1,  mercury,  64*9),  and  Ag,Hgs  (= Silver  26  5,  and  mer- 
cury, 73*5),  are  here  included. 

Pyr.,  etc, — B.B.,  on  charcoal  the  mercury  volatilizes  and  a  globule  of  silver  is  left.  In  the 
dofled  tube  the  mercury  sublimes  and  condenses  on  the  cold  part  of  the  tube  in  minute  glo- 
bules.    Dissolves  in  nitric  acid. 

Obs. — From  the  Palatinate  at  Moschellandsberg.  Also  reported  from  Bosenau  in  Hungary, 
Bala  in  Sweden,  Allemont  in  Daupbiuo,  Almaden  in  Spain. 

Arquerite.— Composition  Ag,9Hg=silver  86*6,  mercury,  13-4=100.  Chili  KONGS- 
BEBOITE,  AgivHg  (?)  Kongsberg,  Norway. 


OOPPBR. 

Isometric.  Cleavajge  none.  Twins:  twinning-plane  octahedral,  very 
common.  Often  filirorm  and  arborescent ;  the  latter  with  the  branches 
passing  oflE  usually  at  60°,  the  supplement  of  the  dodecahedral  angle.  Also 
massive. 

II.=2'5-3.  G.=8*838,  Whitney.  Lustre  metallic.  Color  copper-red. 
Streak  metallic  shining.     Ductile  and  malleable.     Fracture  hackly. 

Oomp. — Pure  copper,  but  often  containing  some  sUver,  bismuth,  etc. 

Pyr«,  etc. — B.B.,  fuses  readily  ;  on  cooling,  becomes  covered  with  a  coating  of  black  oxide. 
Dissolves  readUy  in  nitric  acid,  giving  off  red  nitrous  fumes,  and  producing  a  deep  azure- blue 
solution  upon  the  addition  of  ammonia. 

Obs. — Copper  occurs  in  beds  and  veins  accompanying  its  various  orejB,  and  is  most  abundant 
in  the  vicinity  of  dikes  of  igneous  rocks.  It  is  sometimes  found  in  loose  masses  imbedded  in 
the  soil. 

Found  at  Turinsk,  in  the  Urals,  in  fine  crystals.  Common  in  ComwaU.  In  Brazil,  Chili, 
Bolivia,  and  Peru.     At  Walleroo,  Australia. 

This  metal  has  been  found  native  throughout  the  red  sandstone  (Triassico- Jurassic)  region 
of  the  eastern  United  States,  in  Massachusetts,  Connecticut,  and  more  abundantly  in  New 
Jersey,  where  it  has  been  met  with  sometimes  in  fine  crystalline  masses.  No  known  locality 
exceeds  in  the  abundance  of  native  copper  the  Lake  Superior  copper  region,  near  Keweenaw 
Point,  where  it  exists  in  veins  that  intersect  the  trap  and  sandstone,  ai  d  where  masses  of 
immense  size  have  been  obtained.  It  is  associated  with  prehnite,  d  itolite,  analcite.  laumon- 
tite,  pectoUte,  epidote,  chlorite,  wollastonite,  and  sometimes  coats  amygdules  of  calcite, 
etc.,  in  amygdaloid.  Native  copper  occurs  sparingly  in  California.  Also  on  the  Gila  river 
i&AxiiQii*;  in  large  drift  masses  in  Alaska. 
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IRON. 

Isometric.     Cleavage  octahedral. 

BL=4-5.  G.=7'3-7'8.  Lustre  metallic.  Color  iron-gray.  Streak  shin- 
ing.   Fracture  hackly.     Malleable.    Acts  strongly  on  the  magnet. 

Obi. — The  oocnrrence  of  masses  of  native  iron  of  terrestrial  origin  has  been  seyeral  times 
reported,  bat  it  is  not  yet  phused  beyond  donbt.  The  presence  of  metallic  iron  in  grains  in 
baisaltic  rocks  has  been  proved  by  several  observers.  It  has  also  been  noticed  in  other  related 
rocks.  The  so-called  meteoric  iron  of  Ovifak,  Greenland,  found  imbedded  in  basalt,  is  con- 
sidered by  some  antbors  to  be  terrestriaL 

Meteoric  iron  usually  contains  1  to  20  per  cent,  of  nickel,  besides  a  smaU  percentage  of 
other  metals,  as  cobalt,  manganese,  tin,  copper,  chromium  ;  also  phosphorus  common  as  a 
phosphuret  (schreibersite),  sulphur  in  sulphurets,  carbon  in  some  instances,  chlorine.  Among 
laige  iron  meteorites,  the  Oibbs  meteorite,  in  the  Tale  CoUege  cabinet,  weighs  1,635  lbs. ;  it 
was  brought  from  Bed  River.  The  Tucson  meteorite,  now  in  the  Smithsonian  Institution, 
weighs  1,400  lbs.  ;  it  was  originally  from  Sonora.  It  is  ring-shaped,  and  is  49  inches  in  its 
greatest  diameter.  StiU  more  remarkable  masses  exist  in  northern  Mexico ;  also  in  South 
America ;  one  was  discovered  by  Don  Rubin  de  Celis  in  the  district  of  Chaco-Oualamba, 
whose  weight  was  estimated  at  32,000  lbs.  The  Siberian  meteorite,  discovered  by  Pallas, 
weighed  originally  1,600  lbs.  and  contained  imbedded  crystals  of  chrysolite.  Smaller  masses 
are  quite  commoiL 

Zinc. — Native  zinc  l\a8  beeii  reported  to  occur  in  Australia;  and  more  recently  Mr.  W. 
D.  Marks  reports  its  disooyery  in  Tennessee,  under  circumstanoes  not  altogether  free  from 
doubt  ' 

Lead. — Native  lead  ooonrs  very  sparingly.  It  has  been  found  in  the  Urals,  in  Spain, 
Ireland,  etc.  Dr.  Genth  speaks  of  its  discovery  in  the  bed  rock  of  the  gold  placers  at  Camp 
Creek,  Montana. 

Tin  is  probably  only  an  artifioial  product. 


ARSENIC. 

Khombohedral.  ^  A  7?  =  85°  41',  O  A  li  =  122^  9',  c=  1-3779,  Miller. 
Cleavage :  basal,  imperfect.  Often  granular  massive ;  sometimes  reticu- 
lated, reniform,  and  stalactitic.     Structure  rarely  coln;nnar. 

H. =3-5.  G.=5'93.  Lustre  nearl  v  njetallic.  Color  and  streak  tin-white, 
tarnishing  soon  to  dark-gray.     Fracture  uneven  and  line  granular. 

Oomp. — Arsenic,  often  with  some  antimony,  and  traces  of  iron,  silver,  gold,  or  bismuth. 

Pyr. — B.B.,  on  charcoal  volatilizes  without  fusing,  coats  the  coal  with  white  arsenous  oxide, 
and  affords  the  odor  of  garlic ;  the  coating  treated  in  R.F.  volatilizes,  tinging  the  flame  blue. 

Oba Native  arsenic  commonly  occurs  in  veins  in  crystalline  rocks  and  the  older  schists, 

and  is  often  accompanied  by  ores  of  antimony,  red  silver  ore,  realgar,  sphalerite,  and  other 
metallic  minerals. 

The  silver  mines  of  Saxony  afford  this  metal  in  considerable  quantities ;  also  Bohemia,  the 
Harz,  Transylvania,  Hungary,  Norway,  Siberia ;  occurs  at  ChanarciUo,  and  elsewhere  in 
Chili;  and  at  the  mines  of  San  Augustin,  Mexico.  In  the  United  States  it  has  been 
observed  at  Haverhill  and  Jackson,  N.  H.,  at  Greenwood,  Me. 


ANTIMONY. 

Hhombohedral.  ^ A ^  =  87°  35', Eose ;  OaR  =  123°  32' ;  ^  =  1-3068. 
2  A  2  =  89°  25'.  Cleavage :  basal,  highly  perfect  ;--i  distinct.  Generally 
massive,  lamellar ;  sometimes  botryoidal  or  i*omform  with  a  granular  texture. 
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H.= 3-3-5.  G.=6-64:6-6-72.  Lustre  metallic.  Color  and  streak  tin- 
white.    Very  brittle. 

Ck>mp. — Antimony,  containing  sometimes  silver,  iron,  or  arsenic. 

Pyr, — B.B.,  on  charcoal  fuses,  gives  a  white  coating  in  both  O.  and  R.F. ;  if  the  blowing 
be  intermitted,  the  globule  coutinnas  to  glow,  giving  off  white  fumes,  until  it  is  finally  crusted 
over  with  prismatic  crystals  of  antimonous  oxide.  The  white  coating  tinges  the  R.F.  bluish- 
green.     Crystallizes  readily  from  fusion. 

Occurs  near  Sahl  in  Sweden ;  at  Andreasberg  in  the  ECarz ;  at  Przibram ;  at  Allemont  in 
Dauphiny ;  in  Mexico ;  Chili ;  Borneo ;  at  South  Ham,  Canada ;  at  Warren,  N.  J. ,  rare ;  at 
Prince  William  antimony  mine,  N.  Brunswick,  rare. 

Allemontite.  —Arsenical  antimony,  SbAss.  Color  tin-white  or  reddish-gray.  OooaiB  ab 
Allemont ;  in  Bohemia ;  the  Uarz. 


BISMUTH.    Gediegen  Wismuth,  Oerm. 

Hexagonal.  lihR  =  87°  40', G.  Rose  ;  OAli=  123°  36' ;  c  =  1-3035. 
Cleavage  :  basal,  perfect ;  2,  —2,  less  so.  Also  in  reticulated  and  arbores- 
cent shapes  ;  foliated  and  granular. 

II.=2-2-5.  G.=9'727.  Lustre  metallic.  Streak  and  color  silver- white, 
with  a  reddish  hue  ;  subject  to  tarnish.  Opaque.  Fracture  not  observable. 
Sectile.     Brittle  when  cold,  but  when  heated  somewhat  malleable. 

Oompi,  Var. — Pure  bismuth,  with  occasional  traces  of  arsenic,  sulphur,  teUurinm. 

Pyr.,  etc — B.B.,  on  charcoal  fuses  and  entirely  volatilizes,  giving  a  coating  orange-yellow 
while  hot,  and  lemon-yellow  on  cooling.  Dissolvent  in  nitric  acid  ;  subsequent  dilution  causes 
a  white  precipitate.     Crystallizes  readily  from  fusion. 

Diff — Distinguished  by  its  reddish  color,  and  high  specific  g^ravity,  from  the  other  brittle 
metals. 

Obs  — Bismuth  occurs  in  veins  in  gneiss  and  other  crystalline  rocks  and  clay  slate,  accom- 
panying various  ores  of  silver,  cobalt,  lead,  and  zinc.  Abundant  at  the  silver  and  cobalt 
mines  of  Saxony  and  Bohemia ;  also  found  in  Norway,  and  at  Fahlun  in  Sweden.  At  Wheal 
Spamon,  and  elsewhere  in  GoruwuU,  and  at  Garrack  Fell  in  Cumberland  ;  at  the  Atlas  mine, 
Devonshire ;  at  Meymao,  Corr^  ;  at  San  Antonio,  Chili ;  Mt  Illampa  (Sorata),  in  Bolivia ; 
in  Victoria. 

At  Lane^s  mine  in  Monroe,  and  near  Seymour,  Conn. ,  in  qtuurtz ;  occurs  also  at  Brewer^s 
mine,  Chesterfield  district,  South  Carolina ;  in  Colorado. 


TBLLURIUM. 

Hexagonal,  ^  A  ^  =  86°  57',  G.  Eose  ;  OAJi  =  123*»  4',  c  =  1-3302. 
In  sixnsided  prisms,  with  basal  edges  replaced.  Cleavage :  lateral  perfect, 
basal  imperfect.     Commonly  massive  and  granular. 

Il.=2-2-5.  G.=6*l-6-3.  Lustre  metallic.  Color  and  streak  tin-white. 
Brittle. 

Oomp.— According  to  Klaproth,  TeUurium  93-65,  iron  7-20.  and  gold  0-25. 

Pyr — In  the  open  tube  fuses,  giving  a  white  sublimate  of  telluroua  oxide,  which  B.B. 
fuses  to  colorless  transparent  drops.  On  charcoal  fuses,  volatilizes  almost  entirely,  tinges  the 
flame  green,  and  gives  a  white  coating  of  tellurous  oxide. 

Oba.->Native  tellorium  occurs  in  Transylvania  (whence  the  name  8ylmniU)y  gold;  also  at 
the  Red  Cloud  mine,  near  Odd  Hill,  Boulder  Co.,  Colorado. 
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NATITE  SIJI>PHUR 

Orthorhorabic.  /A  7  =  101°  46',  Oa1-i  =  113"  6';  c  :  X  :  df  =  2-344  : 
L-23  :  1.     OM-i=  117°  41' ;   0M  =  lOS'^  19'. 

Cleavage :    /,    and    1,   imperfect.      Twins, 
<18  417  composition -fane,  /,  sometimes  producing  cruci- 

form crystals.     Also  massive,  Bometimes  con- 
sisting of  concentric  coats. 

n.=  l-5-2-5.  G.=a-072,  of  crystals  from 
Spain.  Lustre  resinous.  Streak  sulphur-yel- 
low, sometimes  reddish  or  greenish.  Trans- 
parent— subtraiiflhicent.  Fracture  conchoidal, 
moro  or  less  pei-fect.     Sectile. 

Oomp. — Pore  mJphiiT ;  bnt  often  contaminated  with  d&j  oi  bitnmen. 

Pyr.,  e^— Burns  at  a  low  tcmpenituro  with  u  bluish  Hamc,  with  the  strong  odor  of  anl- 
phniouB  axide.  BeoomeB  resiuoaxl;  electrified  b;  fiiction.  InBolnblB  in  water,  and  not 
acted  on  by  the  ocida. 

Obt  — Solphar  is  dimoiphooB.  the  ciTstalB  being  monoclinio  when  formed  at  a  modemtelj 
higb  tempeiature  [125'  C.  according  to  Frnnkenheim). 

The  ^eat  reponitoriea  of  nulphnr  ore  either  beds  of  gypanm  and  the  lUsociate  rocks,  or  Uie 
regions  of  activn  and  extinct  volcanoes.  In  the  vbIIp.t  of  Note  and  Hazarro.  in  Sicily;  at 
Conil.  near  Ciwiiz.  in  Spain  ;  Bex.  lq  Switzerland  ;  Cracow,  in  Poland,  it  occurs  in  the  former 


n  the  Chilian  Andes. 

Sulphur  is  found  near  the  solphar  springs  of  New  York,  Vi^inin.  etc. ,  sparingly  ;  in  many 
ooal  depoRite  and  elsewhere,  where  pyTit«  is  undergoing  decomposition  ;  at  the  hot  springs 
and  geysers  of  the  Tellowstone  park  ;  in  California,  at  the  geysers  of  Napa  voile?,  fAonoma 
Ca  ;  in  Santa  Barbara  in  good  crystals  ;  near  Clear  lake,  Iiake  Co.  ;  in  Nevada,  in  Humboldt 
Oo..  in  tsrge  beds  ;  Nje  and  Esmeralda  Cos..  etc. 

The  snlphnr  mines  of  Sicily,  the  crster  of  Tulcano,  the  Soltatara  near  N^tles,  and  Uie  beds 
of  California,  aSord  large  quantitiee  of  sulphur  for  ci 


DIAMOND. 
Isometnc     Often  tetrahedral  in  planes,  1,  2,  and  3-}.     TTsnally  with 


.  ,88  in  f.  419  (3-3);  f.  420  is  a  distorted  form.     CIea\-age: 
highly  perfect     Twins :  twinning-plane,  octahedral ;  f.  418,  is 
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an  elliptic  twin  of  f.  419,  the  middle  portion  between  two  opposite  sets  of 
rix  planes  being  wanting.     Rarely  massive. 

11.= 10.  G.= 3.5295,  Thompson.  Lustre  brilliant  adamantine.  Color 
white  or  colorless:  occasionally  tinged  yellow,  red,  orange,  green,. blue, 
brown,  sometimes  black.  Transparent ;  translucent  when  dark  colored. 
Fracture  conchoidal.  Index  of  refraction  2*4.  Exhibits  vitreous  electricity 
when  rubbed. 

Oomp. — Pure  carbon,  isometric  in  crystallization. 

Var. — 1 .  Ordinary^  or  crystallized.  The  crystals  often  contain  numeroos  microscopic  cavi- 
ties, afi  detected  by  Brewster ;  and  around  these  cavities  the  diamond  shows  evidence,  by 
polarized  light,  of  compression,  as  if  from  pressure  in  the  included  gas  when  the  diamond 
was  crystallized.  The  coarse  varieties,  which  are  unfit,  in  consequence  of  imperfections,  for 
use  in  jewelry,  are  called  bort ;  they  are  sold  to  the  trade  for  cutting  purposes. 

2.  MOMite.  In  black  pebbles  or  masses,  caUed  carbonado^  occasionally  1 ,000  carats  in  weight. 
H  =10  ;  G.  =3012-3-416.     Consists  of  pure  carbon,  excepting  0-37  to  207  p.  c  (Brazil). 

8.  AnOiraeitic.  Like  anthracite,  but  hard  enough  to  scratch  even  the  diamond.  In  glo- 
bnles  or  mammillary  masses,  consisting  partly  of  concentric  layers ;  fragile  ;  G.  =  l*66;  com- 
position. Carbon  97,  hydrogen  0*5,  oxygen  15.  Cut  in  facets  and  polished,  it  refracts  and 
di^ierses  light,  with  the  white  lustre  peculiar  to  the  diamond.  Locality  unknown,  but  sup- 
posed to  come  from  Brazil. 

Pyr.,  etc. — Bums,  and  is  wholly  consumed  at  a  high  temperature,  producing  carbonic 
dioxide.     It  is  not  acteti  on  by  acids  or  alkalies. 

Difil — Distinguished  by  its  extreme  hardness,  brilliancy  of  reflection,  and  adamantine  lustre. 

Obs. — The  diamond  often  occurs  in  regions  that  afford  a  laminated  granular  quartz  rock, 
called  itaedumyte^  which  pertains  to  the  talcose  series,  and  which  in  thin  slabs  is  more  or 
lees  flexible.  This  rock  is  found  at  the  mines  of  Brazil  and  the  Urals ;  and  also  in  Georgia 
and  North  Carolina,  where  a  few  diamonds  have  boen  found.  It  ban  also  been  detected  in  a 
species  of  conglomerate,  composed  of  rounded  siliceous  pebbles,  quartz,  chalcedony,  etc., 
cemented  by  a  kind  of  ferruginous  clay.  Diamonds  are  usually,  however,  washed  out  from 
the  soiL  The  Ural  diamonds  occur  in  the  detritus  along  the  Adolfskoi  rivulet,  whore  worked 
for  gold,  and  also  at  other  places.  In  India  the  diamond  is  met  with  at  Purteal,  between 
Hyderabad  and  Masulipatam,  where  the  famous  Kohinoor  was  found.  The  locality  on  Borneo 
is  at  Pontiana.  on  the  west  side  of  the  Katoos  mountain.     Also  found  in  Australia. 

The  diamond  region  of  South  Africa,  discovered  in  18<J7,  is  the  most  productive  at  the 
present  time.  The  diamonds  occur  in  the  gravel  of  the  Vaal  river,  from  Potchefstrom,  cap- 
ital of  the  Transvaal  Republic,  down  its  whole  course  to  its  junction  with  tbe  Orange  river, 
and  thence  along  th3  latter  stream  for  a  distance  of  60  miles.  In  addition  to  this  the  dia- 
monds are  found  also  in  the  Orange  River  Republic,  in  isolated  fields  or  PattH,  of  which  Du 
Toit's  Pan  is  the  most  famous.  The  number  of  diamonds  which  have  been  found  at  the  Cape 
is  very  large,  and  some  of  them  are  of  considerable  size.  It  has  been  estimated  that  the  value 
of  those  obtained  from  March,  18G7,  to  November,  1875,  exceeded  sixty  millions  of  dollars. 
As  a  consequence  of  this  production  the  market  value  of  the  stones  has  been  much  dimin- 
ished. 

In  the  United  States  a  few  crystals  have  been  met  with  in  Rutherford  Co.,  N.  C. ,  and  Hall 
Co.,  <Ta. ;  they  occur  also  at  Portis  mine,  Franklin  Co.,  N.  C.  (Genth) ;  one  handsome  one, 
over  \  in.  in  diameter,  in  the  village  of  Manchester,  opposite  Richmond,  Va.  In  C:ilifomia. 
at  Cherokee  ravine,  in  Butte  Co.  ;  also  in  N.  San  Juan,  Nevada  Co.,  and  elsewhere  in  the 
gold  washings.     Reported  from  Idaho,  and  with  platinum  of  Oregon. 

The  largest  diamond  of  which  .we  have  any  knowledge  is  mentioned  by  Tavemier  as  in 
possession  of  the  Great  Mogul.  It  weighed  originally  UOO  carats,  or  2700  :J  grains,  but  was 
reduced  by  cutting  to  801  grains.  It  has  the  form  and  size  of  half  a  hen*s  e^.  It  w&s  found 
in  1550,  in  the  mine  of  Colone.  The  Pitt  or  Regent  diamond  weighs  but  l'{0-25  carats,  or 
4l9i^  grains  ;  but  is  of  unblemished  transparency  and  color.  It  is  cut  in  the  form  of  a  bril- 
liant, and  its  value  is  estimated  at  £125,000.  The  Kohinoor  measured,  on  its  arrival  in  Eng- 
land, about  1|  inches  in  its  greatest  diameter,  over  f  of  an  inch  in  thickness,  and  weighed 
186-^n-  carats,  and  was  cut  with  many  facets.  It  has  since  been  recut,  and  reduced  to  a  dia- 
meter of  l/^j  by  1|  nearly,  and  thus  diminished  over  one-third  in  weight.  It  is  supposed  by 
Mr.  Tennant  to  have  been  originally  a  dodecahedron,  and  he  suggests  that  the  great  Russian 
diamond  and  another  large  slab  weighing  V<\0  carats  were  actu-iUy  cut  from  the  original  dode- 
cahedron. Tavemier  gives  the  original  weight  at  787^  carats.  The  Rajah  of  Mattan  has  in 
his  possession  a  diamond  from  Borneo,  weighing  307  carats.  The  mines  of  Brazil  were  not 
known  to  afford  diamonds  till  the  commencement  of  the  eighteenth  century. 
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aRAPHITE.    FlnmlMga 

Ilexacronal.  In  flat  six-sided  tables.  The  basal  planes  {O)  are  often 
striated  parallel  to  the  alternate  edges.  Cleavage :  basal,  perfect  Com- 
monly in  inih^edded,  foliated,  or  granular  masses.  Karely  in  globular  con- 
cretions, radiated  in  structure. 

IL=l-2.  G.=2<>9-iJ*229.  Lustre  metallic.  Streak  black  and  shining. 
Color  iron-black — dark  steel-gray.  Opaque.  Sectile ;  soils  paper.  Thin 
laminae  flexible.     Feel  greasy. 

Vmx* — (fi)  Foliated ;  (b)  oolnmnar.  and  sometimefl  ladiated ;  (e)  ncaly,  masslTe,  and  slaty  ; 
(d)  granular  mamiiTe ;  (e)  earthy,  amorphons,  without  metallic  lustre  except  in  the  streak  ; 
if)  in  radiated  ooncretioiiaw 

Com]x — Pore  carbon,  with  often  a  little  iron  sesqnioxide  mechanieallj  mixed. 

Pyr.,  etc. — At  a  high  temperature  it  boms  withont  flame  or  smoke,  leaving  nsoaUy  somo 
red  oxide  of  iron.  B.B.  infosible ;  fused  with  nitre  in  a  platinum  spoon,  deflagrates,  con- 
▼erting  the  reagent  into  potassium  carbonate,  which  effervesces  with  acids.  Unalteied  by 
acids. 

Diff,— Sfre  molybdenite,  p.  211. 

Oba. — Graphite  occurs  in  beds  and  imbedded  masses,  lamins,  or  scales,  in  grianite,  gneiss, 
mica  Bchiiftn.  crystaUine  limestone.  It  is  in  some  places  a  result  of  the  alteration  by  beat  of 
(he  coal  of  the  coal  formation.  Sometimes  met  with  in  greenstone.  It  is  a  common  furnace 
product. 

Occurs  at  Borrowdale  in  Cumberland  ;  in  Glenstrathfarrar  in  InTemesshire  ;  at  Arendal  in 
Norway;  in  the  Urals,  Siberia,  Finland;  in  various  parts  of  Austria;  Prussia;  France. 
Large  quantities  are  brought  from  the  East  Indies. 

In  the  United  States,  the  mines  of  Sturbridge,  MassL,  of  Ticonderoga  and  FishkiU,  N.  Y., 
of  Brandon.  Vt.,  and  of  Wake.  N.  C,  are  worked;  and  that  of  Aifhford,  Conn.,  formerly 
afforded  a  large  amount  of  graphite.     It  occurs  sparingly  at  many  other  locnlitiea. 

The  name  bUick  le^id,  applied  to  this  species,  is  inappropriate,  as  it  containa  no  lead.  The 
name  graphite,  of  Werner,  is  derived  from  ypi^,  to  write, 

Nordenskiold  makes  the  graphite  of  Ersby  and  Storgard  tnonoeUnie. 


II.  SULPHIDES,  TELLURIDES,  SELENIDES,  ARSEN- 
IDES, BISMUTHIDES. 

1.  BIN  ART  COMPOUNDS. — Sulphides  and  Tellurtoes  of  the  Metals 

OF  THE  Sulphur  and  Absenio  groups. 


Monoclmic.     U  =  66^  h\  lKl=.  74°  26',  Marignac,  Scacchi,  O A 14  = 
138^  21';  c\h\d  =  0-6755  :  0-6943  : 1.   Habit  pris- 
matic.    Cleava^  :  i\   O  rather  perfect ;  I,  iri  in 
traces.     Also  granular,  coarse  or  nne  ;  compact. 

H.=l-5-2.  G.=3*4-3-6.  Lustre  resinous.  Color 
aurora-red  or  orange-yellow.  Streak  varying  from 
orange-red  to  aurora-red.  Transparent — translu- 
cent.    Fracture  conchoidal,  uneven. 

Oomp,—ABS= Sulphur  29.ft,  arsenic  70-l=100. 

Pyr.,  eto, — In  the  cloeed  tube  melts,  volatilizes,  and  gives  a 
transparent  red  sublimate  ;  in  the  open  tube,  sulphurous  fumes, 
and  a  white  crystalline  sublimate  of  arsenouH  oxide.     B.B.  on 

charcoal  bums  with  a  blue  flame,  emitting  arsenical  and  sulphurous  odors.     Soluble  in  caustic 
alkalies. 

Obs. — Occurs  with  ores  of  silver  and  lead,  in  Upper  Hungary ;  in  Transylvania ;  at  Joachims- 
thal ;  Schneebeig ;  Andreasberg ;  in  the  Binnenthul,  Switzerland,  in  dolomite  ;  at  Wiesloch 
in  Baden ;  near  Julamerk  in  Koordistan  ;  in  Vesuvian  lavas,  in  minute  crystals. 


ORFnaBNT. 


Orthorhombic.  7  A  7  =  100°  40',  6>  A 1-?  =  126°  30',  Mohs.  c\l\ii- 
1-3511  :  1*2059  :  1.  Cleavage  :  i-i  hi<rhly  perfect,  i-l  in  traces,  i-l  longi- 
tudinally striated.  Also,  massive,  foliated,  or  colunmar;  sometimes  reni- 
fomi. 

H.= 1-5-2.  G.=3-48,  ITai dinger.  Lustre  pearly  upon  the  faces  of  per- 
fect cleavaoje  ;  elsewhere  resinous.  Color  several  shades  of  lemon-vellow. 
Streak  yellow,  commonly  a  little  paler  than  the  color.  Subtransparent — 
snbtranslucent  Sub-sectile.  Thin  laminae  obtained  by  cleavage  flexible 
but  not  elastic. 


Oomp.—As9Sa= Sulphur  39,  arsenic  61=100. 

Pyr^  etc. — In  the  closed  tube,  fuses,  volatilizes,  and  gives  a  dark  yellow  sublimate ;  other 
reactions  the  same  as  under  realgar.     Dissolves  in  nitro-hydrochloric  acid  and  caustic  alkalies. 

Oba  — Orpiment  in  small  crystals  is  imbedded  in  clay  at  Tajowa,  in  Upper  Hungary.  It  is 
usually  In  foliated  and  fibrous  masses,  and  in  this  form  is  found  at  S^apnik,  at  Moldawa,  and 
at  FeLBobanja ;  at  Hall  in  the  Tyiol  it  ia  found  in  gypsum :  at  St.  Gothard  in  dolomite  ;  at 
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Occurs  also  at  Aoobambfllo,  Pem. 


the  Solfatara  nearXaplet.     Near  Jnlametk  in  KoordistsTi. 
Small  traces  are  met  with  in  Edenville.  Oran^  Co.,  X.  T. 

The  name  oipiment  ia  a  comi|itiou  of  it«  Latin  name  aaripigraentnm,  "  gnit 
which  wati  triren  in  alluBioii  to  the  color,  and  also  becan^  the  anbatance  vat  anppui 
tain  gold. 

DjMURflllTE  o(  Scacchi  may  be,  acconling  to  Zenngott,  a  Tariety  of  orpimeHt. 


tfriUNlTU.    Antimonite.  6iBf  Antimony.  Antimonj  Glance.  AntimODglani,  Oerm. 

Ortliorliuinbic.  /a/=:  9U°54',  (?Al-i  =  134"  16',Kreniier;  c:l:d  = 
Mi25!»  :  10158  :  1.  O  h\~  124" 
45';   6*  A  1-1  =  134°  42f. 

Lateral  planes  deejilv  striated 
longitudinal Iv,  Cleavajjre:  *-f  highly 
perfect.  Often  (-oliiinnar,  coarse  or 
line ;  alsi>  graiinkr  to  impalpable. 

Il.=3.  (J.=4ol6,IIauj-.  Lustre 
metallic.  Color  and  Ptreak  lead- 
giay,  inclining  to  steel-gray :  Biib- 
ieet  to  blaokii'li  taniiBli,  soiiictiniGs 
iridescent.  Fracture  small  snb-con- 
choidal.  Sectile.  Thin  laniiiiiB  a 
little  tiexible. 

Oomp.— Sb;Si=Rnlp1iniS8'8,  antlmon;  71  8=100. 

Pjrr.,  etc._In  the  open  tube  Hnlphurons  and  antimonous  fnmes,  the  latter  oondenaing  oa  a 
white  8ubUiaBt<i  which  It.  It.  is  Don-volatile.  Un  charcoal  fuses,  BpreadH  ont,  ^tch  BulphOTODS 
and  antimonous  (nmex,  coats  the  cool  white ;  this  coating  treated  in  R.  F,  tinges  the  flame 
greenish -blue.     Fus.^i.     ^Vben  pure  perfectly  soluble  in  hydrochloric  acid. 

IMS — Distin^ishExl  by  its  perfect  cleavage  ;  oJsd  by  il^  extreme  fusibility  and  other  blow- 
pipe characters. 

Obi.— Oociirs  with  spathio  iron  in  beds,  but  generally  in  veina.  Often  aModated  with 
blende,  barite.  and  giiartz. 

Met  with  in  veins  at  Wolfsbcrg,  in  the  Ilnrz  ;  at  BriiDnsdort.  near  Freiberg  ;  at  Pnibram ; 
in  Hungary;  at  I'creta,  ia  Tuscany;  in  the  UrnU ;  in  Dumfriesshire;  in  CorawaU.  Also 
found  in  ditferent  Mexican  mines.     Alno  abundant  in  Borneo. 

In  the  United  States,  it  occurs  sparin(;ly  at  Carmel,  Me.  ;  at  Cornish  and  Lyme,  N.  H.  ; 
at  "  Holdicr's  Delight,"  Hd.  ;  in  the  Humboldt  milling  region  in  Nevada  ;  also  in  the  mines 
of  Aurora,  Ksmemlda  Co.,  Nevada.  Also  found  in  New  Bmuawick,  20  m.  from  Fredericton, 
S.  W.  side  of  St.  John  R, 

Tliis  ore  affords  much  of  the  antimony  of  commerce.  The  cmde  antimony  of  the  shops  is 
obtained  by  simplf  fusion,  which  seiiuratcs  the  accompanying  rock.  From  this  product  most 
of  the  phnrraftcentical  preparations  of  nntimony  are  made,  oud  tlie  pure  metal  eitraeted. 

LIVTSOHTOMTK  I  Winviid).— Resembles  stibnite  in  physical  characters,  but  haa  a  red 
streak,  and  contains,  liesides  sulphur  and  antimony,  14  p.  c.  mercury.  Huitinoo,  State  of 
Gneneio,  Heiico. 


^■ent 


BI8MUTHIN1TH.    Bismatfa  Glance.     Wigmnthglani,  Oerm. 

Orthorliombic.  Ia  I  =  91°  3(1',  Ilaidinger,  Cleavage  :  brachydiagoiial 
perfect;  inacivxHagnnal  less  so  ;  basal  jtcrfect.  In  aeic-iilar  crystals.  Also 
massive,  with  a  foliated  or  fibrous  structure. 

1I.=2.  G-.=6-4-6-45tf ;  7-2;  7*16,  Bolivia,  Forbes.  Lustre  metBllic 
Itrcak  and  color  lead-gray,  inclining  to  tin-white,  with  a  yellowieb  or  irided- 

it  tarnish.     Opaque.  * 
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Oomp. — BiaS,=Snlphur  18*75,  bismuth  81-25=100 ;  isomorphons  with  stibnite. 

Pyr^  etc. — In  the  open  tube  salphurous  fnmeSf  and  a  white  sublimate  which  B.B.  fuses 
into  drops,  brown  while  hot  and  opaque  yellow  on  cooling.  On  charcoal  at  first  gives  sul- 
phurous fumes,  then  fuses  with  spirting,  and  coats  the  coal  with  yellow  bismuth  oxide. 
FuB.  =1.  Dissolves  readily  in  hot  nitric  acid,  and  a  white  precipitate  falls  on  diluting  with 
water. 

ObB. — Found  at  Brandy  Gill,  Carrook  Fells,  in  Cumberland  ;  near  Redruth ;  at  Botallack 
near  Land's  End ;  at  Ilerlaud  Mine,  Gwennap ;  with  childrenitc,  near  Callington  ;  in  Saxony ; 
at  Riddarhyttan,  Sweden  ;  near  Sorata,  Bolivia.  Occurs  in  Rowan  Co.,  K.  C,  at  the  Bam- 
hardt  vein  ;  at  Haddam,  Ct.  ;  Beaver  Co.,  Utah. 

GUANAJUATITE  ;  Fremdtte.  Fernandez,  1873  ;  Castillo,  1878  ;  Frenzd,  1874.— A  bismuth 
selenide,  BijScs ;  sometimes  with  part  of  the  selenium  replaced  by  sulphur,  that  is,  Bi'{(Se,S)a, 
with  Se  :  S=3  :  2,  which  requires  Selenium  2;^ '8,  sulphur  6*5,  bismuth  69  "7=  100.  Isomor- 
phous  with  stibnite  and  bismuthinite  {ISchrauf).  Guanajuato,  Mexico.  SlLAONITB  from 
Guanajuato  is  BiaSe  (Fernandez). 


TBTRADYBdmS,    Tellurwismuth,  Germ, 

Hexagonal,  OnR  =  118°  38',  7^ A ^  =  81°  2' ;  c  =  1-5865.  Crystals 
often  tabular.  Cleavage :  basal,  very  perfect.  Also  massive,  foliated,  or 
granular. 

H.= 1*5-2.  G.=7*2-7'9.  Lustre  metallic,  splendent.  Color  pale  steel- 
gray.     Not  very  sectile.     Lamince  flexible.     Soils  paper. 

Oomp.,  Var. — Consists  of  bismuth  and  tellurium,  with  sometimes  sulphur  and  selenium. 
If  sulphur,  when  present,  replaces  part  of  the  teUurlum,  the  analyses  for  the  most  part  afford 
the  general  formula  Bia(Te.  8)3.  Var.  1. — Free  from  su!}t?mr.  BiaTc3= Tellurium  48-1, 
bismuth  oli);  G.  =7*868,  from  Dahlonega,  Jackson;  7*042,  id.,  Balch.  2.  Sulphurous. 
Containing  4  or  5  p.  c.  sulphur.     S.= 7*500,  crystals  from  Schubkau,  Wehrle. 

Pyr. — In  the  open  tube  a  white  8ublimat<D  of  tellurous  oxide,  which  B.B.  fuses  to  colorless 
drops.  On  charcoal  fuses,  gpives  white  fumes,  and  entirely  yolatilizcs  ;  tinges  the  R.  F.  bluish- 
green  ;  coats  the  coal  at  first  white  (tellurous  oxide),  and  finally  orange-yellow  (bismuth 
oxide) ;  some  varieties  give  sulphurous  nnd  selenous  odors. 

Dift — Distinguished  by  its  easy  fusibility  ;  tendency  to  foliation,  and  high  specific  gravity. 

Obt. — Occurs  at  Schubkau,  near  Schemnitz ;  at  Retzbanya  ;  Orawitza ;  at  Tellemark  in 
Norway ;  at  Bastnaes  mine,  near  Riddarhyttan,  Sweden. 

In  the  United  States,  associated  with  gold  ores,  in  Virginia  ;  in  North  Carolina,  Davidson 
Co. ,  etc.  Also  occurs  in  Georgia,  4  m.  E.  of  Dahlonega,  and  elsewhere  ;  Highland,  Montana 
T.J  Bed  Cloud  mine,  Colorado,  rare;  Montgomery  mine,  Arizona. 

J08EITB. — A  bismuth  telluride,  in  which  half  the  tellurium  is  replaced  by  sulphur  and 
selenium ;  Brazil. 

Wbhklitb — Composition  probably  Bi(Te,  S).     G.=8*44.     Deutsch  Pilsen,  Hungary. 


MOLYBDENITE.    Molybdanglanz,  Germ. 

In  short  or  tabular  hexagonal  prisms.  Cleavage :  eminent,  parallel  to 
base  of  hexagonal  prisms.  Commonly  foliated,  massive,  or  in  scales:  also 
line  granular. 

II.=1-1'5,  being  easily  impressed  by  the  nail.  G.=4-44-4-8.  Lustre 
metallic.  Color  pure  lead-gray.  Streak  similar  to  color,  slightly  inclined 
to  green.  Opaque.  LaminsB  very  flexible,  not  elastic.  Sectile,  and  almost 
malleable,     liliiish-gray  trace  on  paper. 
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Comp.~MoS,=Siilphnr 41  0,  molybdenum 590=100. 

Pyr^  etc — In  the  open  tube  sulphurous  fumea  B.B.  in  the  forceps  infu^le,  imparts  a 
yellowifih-green  color  to  the  flame  ;  on  charcoal  the  pulverized  mineral  gives  in  O.  F.  a  strong 
odor  of  sulphur,  and  coats  the  coal  with  crystals  of  molybdic  oxide,  which  appear  yellow 
while  hot,  and  white  on  cooling ;  near  the  assay  the  coating  is  copper-red,  and  if  the  white 
coating  be  touched  with  an  intermittent  R.F.,  it  assumes  a  beautiful  azure-blue  color. 
Decomposed  by  nitric  acid,  leaving  a  white  or  grayish  residue  (molybdic  oxide). 

jyifL — Distinguished  from  graphite  by  its  color  and  streak,  and  also  by  its  behavior  (yield- 
ing sulphur,  etc. )  before  the  blowpipe. 

Obs  — Molybdenite  generally  occurs  imbedded  in,  or  disseminated  through,  granite,  gneiss, 
zircon-syenite,  granular  limestone,  and  other  crystalline  rocks.  Found  in  Sweden ;  Norway ; 
Russia.  Also  in  Saxony  ;  in  Bohemia  ;  Bathansberg  in  Austria ;  near  liiask,  Urals  ;  Ghessy 
in  France ;  Peru  ;  Brazil ;  Galbeck  Fells,  and  elsewhere  in  Cumberland  ;  several  of  the  Cornish 
mines ;  in  Scotland  at  East  Tulloch,  etc. 

In  Maine^  at  Blue  Hill  Bay  and  Camdage  farm.  In  Cann.^  at  Haddam.  In  Vermont^  at 
Newport.  In  N.  Hampshire^  at  Westmoreland ;  at  LlandafT ;  at  Franconia.  In  M(wt.^  at 
Shutesbury  ;  at  Brimfield.  In  N,  Y</rk,  near  Warwick.  In  Penn.^  in  Chester,  on  Chester 
Creek  ;  near  Concord,  Cabarrus  Co.,  N.  C.  In  Calif ornia^  at  Excelsior  gold  mine,  in  Excel- 
sior district.     In  Canada^  at  several  places. 


2.  BINARY  COMPOUNDS.— Sulphides,  Tellurtoes,  etc.,  of  Metaia 

OF  the  Gold,  Iron,  and  Tin  Groups. 

A.  BASIC   DIVISION. 
DTSORASrm.    Antimonial  Silver.     Antimon-Silber,  Oemu 

Ortliorhoinbie.  /A  /  =  119°  59' ;  6>  Al-i  130°  41' ;  c  :  i  :  df  =  1-1633: 
1-7315  :  1 ;  6^  a  1  =  126°  40' ;  6>  A  14  =  146^  6'.  Cleavage :  basal  distinct : 
\'l  also  distinct ;  /  imperfect  Twins :  stellate  forms  and  hexagonal 
prisms.  Prismatic  planes  striated  vertically.  Also  massive,  granular ;  par- 
ticles of  various  sizes,  weakly  coherent. 

II.=3'5-4.  G.=9-44-9'82.  Lustre  metallic.  Color  and  streak  silver- 
white,  inclining  to  tin-white ;  sometimes  tarnished  yellow  or  blackish. 
Opaque.     Fracture  uneven. 

Comp — Ag4Sb= Antimony  22,  silver  78=100.  Also  AgeSb= Antimony  15-66,  silver  84*34, 
and  other  proportions. 

Pyr.,  etc. — B.  B.  on  charcoal  fuses  to  a  globule,  -coating  the  coal  with  white  antimonous 
oxide,  and  finally  giving  a  globule  of  almost  pure  silver.  Soluble  in  nitric  acid,  leaving  anti- 
monous oxide.  ' 

Obs. — Occurs  near  Wolfach  in  Baden,  Wittichen  in  Suabia,  and  at  Andreasberg  ;  also  at 
Allemont  in  Dauphin^,  Gasalla  in  Spain,  and  in  Bolivia,  S.  A. 


DOBUIYEITB.    Arsenikknpfer,  Germ. 

Keniform  and  botryoidal ;  also  massive  and  disseminated. 
II. = 3-3-5.     G. = 7-7*50,  Portage  Lake,  Genth.     Lustre  metallic  but  dull 
on  exposure.     Color  tin-white  to  steel-gray,  with  a  yellowish  to  pinchbeck- 
^brown,  and,  afterward,  an  iridescent  tarnish.     Fracture  uneven. 


SULPHIDSSy   TELLUSIDES,   8SLEinDS8,  BTO.  213 

Oomp. — GatAs^Arsenio  283,  copper  71*7=100. 

Pyr.,  etc. — In  the  open  tube  fnses  and  giYea  a  white  erystalline  sublimate  of  arsenoua 
oxide.  B.B.  on  charcoal  arsenical  fames  and  a  malleable  metallic  globule,  which,  on  treat- 
ment with  soda,  gives  a  globule  of  pure  copper.  Not  dissolyed  in  hydrochloric  acid,  but 
soluble  in  nitric  acid. 

Obs. — From  the  mines  of  Chili.  In  N.  America,  found  on  the  Sheldon  location.  Portage 
Lake ;  and  at  Michipicoten  Island,  in  L.  Superior. 

Aloodonitk.  —Composition,  CuaAs= Arsenic  16  '5,  copper  83*5.    Chili ;  also  Lake  Superior. 

Whitnetite.  — Cu9As=Ai8enic  11*6,  copper  88*4 = 100.  Houghton,  Mich. »  also  California, 
Axiioaia. 


B.  PROTO  DIVISION. 


(a)  Oalenite  Group.    Isometric ;   holohedral. 

ARGBNTITB.    Silver  Glance.    Vitreous  Silver.     Silberglanz,  Oerm, 

Isometric.  Cleavage :  dodecahedral  in  traces.  Also  reticulated,  arbores- 
cent, and  filiform  ;  also  amorphous. 

H.=^2-5.  G.=7-196-7-365.  Lustre  metallic.  Streak  and  color  black- 
ish lead-gray ;  streak  shining.  Opaque.  Fracture  small  sub-conchoidal, 
uneven.    Malleable. 

Oomp.-— Ag9S=Sulphur  12-9,  silver  87  1=100. 

Pyr.,  etc. — In  the  open  tube  gives  off  sulphurous  oxide.  B.B.  on  charcoal  fuses  with  intu- 
mescence in  O.F.,  emitting  sulphurous  fumes,  and  yielding  a  globule  of  silver. 

Di& — Distinguished  from  other  silver  ores  by  its  malleability. 

Obs. — Found  in  the  Er^febirge ;  in  Hungaiy ;  in  Norway,  near  Eongsberg  ;  in  the  Altai ; 
in  the  Urals  at  the  Blagodat  mine ;  in  OomwaU ;  in  Bolivia ;  Peru ;  Chili ;  Mexico,  etc. 
Occurs  in  Nevada,  at  the  Comstook  lode«  and  elsewhere. 

OLDnAifrrE  from  the  Busti  meteorite  is  essentially  CaS. 

Naumaitnitb. — A  silver  selenide,  containing  also  some  lead.  Color  iron-black.  From 
the  Harz. 

EucAnuTB. — ^A  silver-copper  selenide,  (Cu,  Ag)sSe.  Color  silver- white  to  gray.  Sweden ; 
Chili. 


Massive,  compact ;  no  trace  of  crystallization. 

H.=2-5-3.     &.=6'90.     Lustre  metallic.     Color  lead-gray.     Brittle. 

Oomp (Cua,Tl,Ag)  St=Selenium  33-28,  copper  45-76.  thallium  17*25,  sUver  3-71»100. 

Pjrr*}  otc. — B.B.  fuses  very  easily  to  a  greenish-black  shining  enamel,  coloring  the  flame 
strongly  green.     Insoluble  in  hydrochloric  acid  ;  completely  soluble  in  nitric  add. 

Obs. — From  the  mine  of  Skrikerum  in  Norwi^.  Formerly  regarded  as  selenide  of  copper 
or  berzelianite. 

OAItUNlTU.    Galena.    Bleiglans,  Oerm, 

Isometric  ;  habit  cubic  (see  f.  38,  39,  etc.,  p.  15).  Cleavage,  cubic,  per- 
fect; octaliedral  in  traces.  Twins:  twinning-plane,  the  octahedral  plane, 
f.  425  (f .  263,  p.  88) ;  the  same  kind  of  composition  repeated,  f .  426,  and 
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flattened  parallel  to  1.     Also  retiualated,  talinlar ;  coarse  or  fine  granntar ; 
gonietimcs  impalpable ;  occasionally  fibroiu. 


II.=2-5-2"5.  G.=7'25-7'7.  Lustre  metallic.  Color  and  streak  pure 
lead -grav.  Surface  of  crystals  occasionally  taniished.  Fracture  flat  sub- 
clidiichoidul,  or  even.     Frangible. 

Oomp.,  Tar. — Pb8=Su!phnrl3-4,  lead8S-0  =  100.  Contaim  gilTer,  and  occasionallr  selen- 
inm,  tJnO,  cadmiam,  Kntdmonj,  c>>ppei,  bh  sulphides ;  besides,  also,  sometimes  native  silTsi 
and  gold  ;  all  galenite  is  more  or  leas  argentiferous,  and  no  external  ciuuact«r8  serve  to  dia- 
tjnguish  the  relative  Hmoont  of  mlvcr  present. 

Pyr In  the  opeo  tabe  gives  sulphurous  fumes.    8.8.  on  diarcoal  fusee,  emits  snlphnrouA 

fumes,  coats  the  coal  yellow,  and  jields  a  globule  of  metallic  lend.     Soluble  iu  nitric  ncid. 

DUL— Ditrtin^ished  in  all  hut  the  finely  grannlar  varieties  by  its  perfect  cubic  cleavage. 

Obi Occurs  in  beds  and  veins,  both  iu  ctystBlline  and  unciystailine  rocks.      It  is  often 

associated  with  pyrite,  maroasite,  blende,  cbal  copy  rite,  arsenopyrit«.  etc,  in  a  gungue  of 
quartz,  calcite,  barite,  or  flaorite,  etc  ;  also  with  cerussite,  anglesite.  and  other  salts  of  lead, 
which  are  frequent  results  of  its  alteration.  It  is  also  common  witJi  gold,  and  in  reins  of 
ailver  ores.  Bome  prominent  localities  are  - — Freiberg  in  Saxony,  the  Kaix,  Przibiam  and 
Joacfaimathsl.  Styria ;  and  also  Bleibcrg.  and  the  neighboring  localities  of  Caiinthia,  Sula  in 
Sweden.  Leadhills  and  the  killas  of  Cornwall,  in  veins;  Derbyshire.  Camherland.  and  the 
northern  districts  of  England  ;  in  Nertschinak,  Kast  Siberia^  in  Algeria;  near  Cape  of  Qood 
Hope;    in  Australia;   Chili;  Bolivia,  etc, 

ExteDHive  deposite  of  this  ore  iu  the  United  States  exist  in  Hissonri.  Illinois,  Iowa,  and 
Wisconsin.  Other  important  localities  are: — in  iVers  York,  Bosaie,  St.  Lawrence  Co.; 
Wurtzboro.  Sullivan  Co. ;  at  Aucram,  Columbia  Co.  ;  in  Ulster  Co.  In  Miiint.  at  Labec.  Id 
iffir  IlampMre,  at  Eaton  and  other  places.  In  Vemtnnt,  at  Thetford.  In  Coanteticnt.  at 
Middletown.  In  Mtutaehiaettt.,  at  \ewburyport,  at  Southamptoi;,  etc  In  Penrun/lmtnia.  at 
Phenixville  and  elsewhere.  Id  Viryinui,  at  Austin's  mines  in  Wythe  Co.,  Walton's  gold  mine 
In  Louina  Co..  etc.  In  TmnwMe.  at  Brown's  Creek,  and  nt  Haysboro,  near  Nashville.  In 
Mi''Mgan.  in  the  region  of  Chocolate  river,  and  Lake  Superior  copper  districts,  on  the 
N,  shore  of  L.  Superior,  in  Neebing  on  Thunder  Bay.  and  around  Black  Bay.  In  Ci^- 
famiti,  at  many  of  the  gold  mines.  In  Neeacla,  abondant  on  Walker's  river,  and  at  Steam- 
boat SpringH,  Galena,  district.  In  ArizoTia,  in  the  Castle  Dome,  Eureka,  and  other  diatricta. 
In  Colorado,  at  Pike's  Peak,  etc 

OULUBTHAUTB.    Selenblei,  Germ. 

Isometric.  Occare  commonly  in  fine  grannlar  masses ;  some  specimens 
foliated.     Cleavage  cubic. 

lI.=2*5-3.  G,=7'6-8-8.  Lnstre  metallic  Color  lead-gray,  somewhat 
hliitsb.     Streak  darker.     Opaque.     Fracture  granular  and  sliining. 

Oorop.,  Var.— Pb8«=3eIeDinm  37-6,  lead  7S'4=100.  Beridss  the  pure  selanide  of  lead, 
tiiere  are  others,  often  arranged  as  diaUnot  species,  which  contain  oobalt,  ooppei,  or  meiourj, 
iu  place  of  part  of  the  leftd,  and  eometimM  a  little  nlvet  or  iron. 
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r. — Decrepitates  in  the  closed  tube.  In  the  open  tabe  g^ives  selenons  fames  and  a  red 
sublimate.  B.  B.  on  charcoal  a  strong  selenons  odor ;  partially  fuses.  Goats  the  coal  near 
the  assay  at  first  gr&y,  with  a  Teddish  border  (selenium),  and  later  yellow  (lead  oxide) ;  when 
pure  entirely  volatile ;  with  soda  gives  a  globule  of  metallic  lead. 

Obs. — Much  resembles  a  granular  galenite;  but  the  faint  tinge  of  blue  and  the  B.B. 
selenium  fumes  serve  to  distinguish  it. 

Found  at  Clausthal,  Tilkerode,  Zorge,  Lehrbach,  etc.,  in  the  Harz ;  at  Eeii/sberg  in  Sax- 
ony ;  at  the  Rio  Tinto  mines,  Spain  ;  Cacheuta  mine,  Mendoza,  S.  A. 

ZoRGiTE  and  Lehrbachite  occur  with  clausthalite  in  the  Harz.  Zorgite  is  a  lead-copper 
selenide.     Lehrbachite  is  a  lead-mercury  selenide. 

Berzelianite.— CuaSe=Selenium  38*4,  copper  61*6=100.  Color  silver-white.  From 
Sweden,  also  the  Harz. 

Altaite. — Composition  PbTe= Tellurium  88*3,  lead  61*17.  Isometric.  Color  tin- white. 
From  Savodinski  in  the  Altai ;  Stanislaus  mine,  Cal. ;  Red  Cloud  mine,  Colorado ;  Province 
of  Coquimbo,  Chili. 

TiEMANNiTE  (Sclenquecksilber,  Oerm.).—A  mercury  selenide,  probably  HgSe.  Maasiye. 
Found  in  the  Harz ;  also  California. 


BORNmi.    Erubescite.    Purple  Copper  Ore.     Buntkupf  ererz,  Oerm, 

Isometric.  Cleavage  :  octaheciral  in  traces.  Massive,  structure  granular 
or  compact. 

II. =3.  G. =4*4-5*5.  Lustre  metallic.  Color  between  copper-red  and 
pinchbeck-brown;  speedily  tarnishes.  Sti'eak  pale  grayish- black,  slightly 
shining.     Fracture  small  conclioidal,  uneven.     IJrittle. 

Oomp. — For  crystallized  varieties  FeCujSj,  or  sulphur  28*06,  iron  16*86,  copper  55*58=100. 
Other  varieties  are :  FcaCusSi,  FeCuaSj,  and  so  on.  The  ratio  of  R  (Cu  or  Fe)  to  S  has  the 
values  5  :  4,  4  :  3,  8  :  2,  7  :  3  (Rammelsberg).  Analysis,  Collier,  from  Bristol,  Ct.  Sulphur 
25-83,  copper  61*79,  iron  11*77,  silver  tr.  =99-39  (R  :  S=3  :  2). 

Pyr.,  etc. — In  the  closed  tube  gives  a  faint  sublimate  of  sulphur.  In  the  open  tube  yields 
sulphurous  oxide,  but  gives  no  snbUmate.  B.  B.  on  charcoal  fuses  in  R.  F.  to  a  brittle  mag- 
netic globule.  The  roasted  mineral  gives  with  the  fluxes  the  reactions  of  iron  and  copper, 
and  with  soda  a  metaUic  globule.     Soluble  in  nitric  acid  with  separation  of  sulphur. 

jyifL — Distinguished  by  its  copper-red  color  on  the  fresh  fracture. 

Obs. — Found  in  the  mines  of  Cornwall ;  at  Robs  Island  in  Killamey,  Ireland  ;  at  Mount 
Catini,  Tuscany ;  in  the  Mansfeld  district.  Germany ;  and  in  Norway,  Siberia,  Silesia,  and 
Hungary*.  It  is  the  principal  copper  ore  at  some  Chilian  mines ;  also  common  in  Peru,  Boli- 
via, and  Mexico.  At  Bristol,  Conn.,  it  has  been  found  abundantly  in  good  crystals.  Found 
massive  at  Mahoopeny,  Penn.,  and  in  other  parts  of  the  same  State;  also  at  Chesterfield, 
Mass. ;  also  in  New  Jersey.    A  common  ore  in  Canada,  at  the  Acton  and  other  mines. 

Alabanditb  (Manganglanz,  Oer^m.). — MnS=Sulphur  36*7,  manganese 63.3=100.  Isomet- 
ric.   Cleavage  cubic.     Color  black.    Streak  g^^een.     From  Transylvania,  etc. 

GrOnauite. — ^A  sulphide  containing  nickel,  bismuth,  iron,  cobalt,  copper.  From 
Griinau. 


(J)   Blende  Group.    iBometrie  ;  tetrahedral. 

SPHALERITE  or  ZINC  BL£ND£.    Black-Jack,  Engl  Miners, 

Isometric :  tetrahedral.  Cleavage :  dodecahedral,  highly  perfect.  Twins : 
twiiming-plane  1,  as  in  f.  429.  Also  botryoidal,  and  other  imitative  shapes ; 
sometimes  fibrous  and  radiated  ;  also  massive,  compact. 

H.=3*5-4.  G.=3*9-4'2.  4*063,  white,  New  Jersey.  Lustre  resinous 
to  adamanite.     Color  brown,  yellow,  black,  red,  green  ;  white  or  yellow 
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when  pure.      Streak  white — reddish-brown.      Transparent — translucent. 
Fracture  conchoidal.     Brittle. 

427  428 


Oomp.,  Var. — ZDS-=Salphar  33,  zinc  67=100.  But  often  having  part  of  the-zinc  replaced 
by  iron,  and  sometimes  by  cadmium  *  also  containing  in  minute  quantities,  thallium,  indium, 
and  gallium.  Var.  1.  Ordinary.  Containing  little  or  no  iron  ;  colors  white  to  yellowish- 
brown,  sometimes  black ;  G.=3  9-4'l.  2.  Ferriferous;  MamuiUte,  Containing  10  p.  c.  or 
more  of  iron;  dark-brown  to  black  ■  G.  =3*9-4*2.  The  proportion  of  iron  sulphide  to  zinc 
sulphide  varies  from  1  :  5  to  1  :  2.  3.  Cadmiferous  ;  Prabramite.  The  amount  of  cadmium 
present  in  any  blende  thus  far  analyzed  is  less  than  5  per  cent.  Each  of  the  above  varieties 
may  occur  (a)  in  crystals ;  (b)  firm,  fibrous,  or  columnar,  at  times  radiated  or  plumose  ;  (c) 
oleavable,  massive,  or  foliated  ;  (rQ  gpranular,  or  compact  massive. 

Pyr.,  etc. — In  the  open  tube  sulphurous  fumes,  and  generally  changes  color.  B.B.  on 
charoosJ,  in  R.  F. ,  some  varieties  c^ive  at  first  a  reddish-brown  coating  of  cadmium  oxide,  and 
later  a  coating  of  zinc  oxide,  which  is  yellow  while  hot  and  white  after  cooling.  With  cobalt 
solution  the  zinc  coating  gives  a  g^een  color  when  heated  in  O.  F.  Most  varieties,  after 
roasting,  give  with  borax  a  reaction  for  iron.  With  soda  on  charcoal  in  R.F.  a  strong  g^een 
line  flame.     Difficultly  fusible. 

Dissolves  in  hydrochloric  acid,  during  which  sulphuretted  hydrogen  is  diseng^aged.  Some 
specimens  phosphoresce  when  struck  with  a  steel  or  by  friction. 

Di£L — Generally  to  be  distinguished  by  its  perfect  cleavage,  giving  angles  of  60°  and  120^ ; 
by  its  resinous  lustre,  and  also  by  its  infusibility. 

Obs. — Oocuts  in  both  crystalline  and  sedimentary  rocks,  and  is  usually  associated  with 
galenite  ;  also  with  barite,  chalcopyrite,  fluorite,  siderite,  and  frequently  in  silver  mines. 

Derbyshire,  Cumberland,  and  Cornwall,  afford  diflPerent  varieties ;  also  Transylvania;  Hun- 
gary ;  the  Harz ;  Sahla  in  Sweden ;  Ratieborzitz  in  Bohemia ;  many  Saxon  localities. 
Splendid  crystals  in  dolomite  are  found  in  the  Binnenthal. 

Abounds  with  the  lead  ore  of  Missouri,  Wisconsin,  Iowa,  and  niinois.  In  JV.  Tork^  Sulli- 
van Co.,  near  Wurtzboro^ ;  in  St.  Lawrence  Co.,  at  Cooper^s  falls,  at  Mineral  Point ;  at  the 
Ancram  lead  mine  in  Columbia  Co.  ;  in  limestone  at  Lockport  and  other  places.  In  MaM., 
at  Sterling ;  at  the  Southampton  lead  mines ;  at  Hatfield.  In  N.  Hamp.y  at  the  Eaton  lead 
mine  ;  at  Warren,  a  lazge  vein  of  black  blende.  In  Maine^  at  the  Lubec  lead  mines,  etc. 
In  Conn.,  at  Roxbury,  and  at  Lane^s  mine,  Monroe.  In  N.  Jersey^  a  white  variety  at  Frank- 
lin. In  Penn.^  at  the  WheaUey  and  Perkiomen  lead  mines ;  near  Friedensville,  Lehigh  Co. 
In  Virginia^  at  Austin's  lead  mines,  Wythe  Co.  In  Michigan^  at  Prince  vein,  Lake  Superior. 
In  Illinois^  near  Rosiclare ;  near  Galena,  in  stalactites,  covered  with  pyrite,  and  g^alenite. 
In  WiftcoiiMm,,  at  Mineral  Point.     In  Tennesaee^  at  Haysboro*,  near  Nashville. 

Named  blende  because,  while  often  resembling  galena,  it  yielded  no  lead,  the  word  in  Ger- 
man meaning  bUnd  or  deoeinng.    SpJuUerite  is  from  c^oAffMis,  treaeherous. 


(o)  Chalcocite  Oronp.    Orthorhombic. 

HBSSITZI.    Tellursilber,  Qerm, 

Orthorhombic,  and  resembling  chalcocite.     Cleavage  indistinct.     Mas- 
sive ;  compact  or  fine  grained  ;  rarely  coarse-granular. 


BULPHIDE8,   TELLmUDBS,   BBLENIDXB,   Kia  217 

H.=3-8'S.  G.=8-3-8-6.  Lnetro  metallic.  Color  between  lead-gray 
and  flteel-gray.    Sectile.    Fracture  even. 

Oomp— i^tTe=Tellariam  37'3,  dlvei  63-8=100.  Silver  sometimes  repUoed  in  part  bj 
gold. 

Pyr.— In  the  open  tnbe  n  faint  white  sablimato  of  tellmoas  oxide,  which  B.B.  fnaes  to 
oolorlen  globule*.  On  charcoal  fasea  to  a  black  globule ;  this  treated  in  R.P.  presents  on 
oooling  white  dendritic  points  of  xilver  on  its  Burface  ;  with  Boda  gives  a  g1  ibnle  of  silver. 

Oba^ — Oooors  in  the  Altai,  in  Siberia,  in  a  talcoae  rock  ;  at  Nag7ag  in  Tranaylvania,  and  at 
Betsbanya  in  Hnngat; ;  StaniBlaiiB  mine,  CalaToraa  Co. ,  CaL ;  Bed  Clond  mine,  Colorado ; 
Pioriooe  ot  Coqnimbo,  Chili. 

Prtzitb. — Differs  from  besaite  in  that  gold  replaces  much  of  the  nlTer.  H.=S'5.  G.= 
8-72-8-83,  Peti;  0-9-4,  KUstel.  Color  between  steel-gray  and  iron-black,  sometimes  with 
pavonine  tarnish.  Streak  iron-black.  Brittle.  Analj'ais  b;  Genth,  from  Golden  Rule  mine, 
teUnrinm  H2«8.  silver  41-86,  gold  25'00=100'14.  Occun  at  the  locaUties  stated  above,  with 
other  ores  of  tellnriam. 

Tapalfitb  (TeUnrwismathsilber).— Composition  (Bamm.),  Ag,Bi,TeiS(Ag,S-|-SBiTe). 
Gnnnlar.     Coloc  gray.     Sierra  de  Tapalpa,  Mexico. 


AOANTUITEI. 

Orthorhombic  /a /=  110° 54';  (9 A  1-j  =  124"  43',  Dauber;  c  :  2  ;  4 
=  1-4442  :  1-4523  :  1.  OAl-i  =  13&°  10';  Oa  1  =  119°  42'.  Twins: 
parallel  to  1-t.  Crystala  uBually  slender-pointed  prieins.  Cleavage  indis- 
tinct. 

H.=2-5  or  under.  G.  =  7-lf!-7-33.  Lnstre  metallic.  Color  imn-black 
or  like  argentite.     Fracture  uneven,  giving  a  shining  surface.     Sectile. 


Oomp.^ — AgiS,  or  like  argentite. 


SnlphuT  13-0,  alvet  87'1=100. 
13. 

Freiberg  in  Saxony. 


OHAIiOOurru.    Chalcoaine.     Vitreous  Copper.     Copper  Qlance.     Kupfei^anz,  Qfrm- 

Orthorhombic.  IM~  119°  35',  0  A 1-1  =  120°  57' ;  c  :  *  :  d  =  1-6676  : 
1-7176:1;  OaI  =117'"i4';  (7  A  l-l  =  135°  52'.  Cleavage  :/,  indistinct. 
Twins :  twiuning-plaue,  /,  producing  hexagonal,  or  stellate  forms  (left  half 


Bristol,  Ct.  Bristol,  Ot  Bristol,  Ct 

of  f.  432) ;  also  ^i,  a  crucifonn  twin  (f.  432),  crossing  at  angles  of  111" 
and  69° ;  f.  433,  a  erucifonn  twin,  having  0  and  /  of  one  crystal  parallel 
respectively'  to  i-l  and  O  of  the  ol.her.  Also  uiaseivc,  structure  granular, 
uT  compact  and  impalpable. 
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H.=2'5-3.  G.=5'5-5'8.  Lu^re  metallic.  Color  and  streak  blackish 
lead-gray  ;  often  tarnished  blue  or  green  ;  streak  sometimes  shining.  Frac- 
ture conchoidal. 

Oomp CUiS=Sulphur  202,  copper  79-8=100. 

Pyr.,  etc. — Yields  nothing  volatile  in  the  dosed  tnbe.  In  the  open  tube  gives  off  sulphur- 
OUR  fumes.  B.B.  on  charcoal  melts  to  a  globule,  which  boils  with  spirting;  with  soda  is 
reduced  to  metallic  copper.     Soluble  in  nitric  acid. 

Obs. — Cornwall  affords  splendid  crystals.  The  compact  and  massive  varieties  occur  in 
Siberia,  Hense,  Saxony,  the  Bannat,  etc.;  Mt.  Gatini  mines  in  Tuscany;  Mexico,  Peru, 
Bolivia,  Chili. 

In  the  United  States,  it  has  been  found  at  Bristol,  Conn.,  in  large  and  brilliant  ciystals. 
In  Virginia,  in  the  United  States  copper  mine  district.  Orange  Co.  Between  Newmarket  and 
Taneytt»\Ti,  Maryland.  In  Arizona,  near  La  Paz  ;  in  N.  W.  Sonora.  In  Nevada,  in  Washoe, 
Humboldt.  ChurchiU,  and  Nye  Cos. 

Hahkisite  of  Shepard,  from  Canton  mine,  Georgia,  is  chalcooite  with  the  cleavage  of 
galenite  (pseudomorphous,  Genth), 

STROMEYBRrm,    Silberkupferglanz,  O&rm, 

Orthorhonibic :  isomorphous  with  chalcocite.  /a/=119°  35'.  Also 
massive,  compact. 

11.= 2-5-3,  G.=6*2-6'3.  Lustre  metallic.  Color  dark  steel-gray. 
Streak  shining.     Fracture  subconchoidal. 

Pomp.— AgCuS=Ag,S+Cu,S=Sulphur  15-7,  silver  53-1,  copper  31-2-100. 

Pyr.,  etc. — Fuses,  but  gives  no  sublimate  in  the  closed  tube.  In  the  open  tube  sulphurous 
fumes.  B.B.  on  charcoal  in  O.F.  fuses  to  a  semi-malleable  globule,  which,  treated  with  the 
fluxes,  reacts  strongly  for  copper,  and  cupelled  with  lead  gives  a  silver  globule.  Soluble  in 
nitric  acid. 

Obs, — Found  at  Schlangenberg,  in  Siberia ;  at  Rudelstadt,  Silesia ;  also  in  Chili ;  at  Com- 
ba valla  in  Peru  ;  at  Heintzelmou  mine  in  Arizoim. 

Steii^'beroite.  — An  iron-silver  sulphide,  AgFcjSs.  Johanngeorgenstadt  and  JoachimsthaL 


{d)  Pyrrfwtite  Group.    Hexagonal. 

CINNABAR.    Zinnober,  Qerm. 

Rhombohedral.  B  A  Ii=  92°  36',  /i?  A  O  =  127°  6' ;  c=  M448.  Ac- 
cording to  DesCloizeaux,  tetartohedral,  like  quartz. 
434  Also  granular,  massive ;  sometimes  forming  super- 

ficial coatings. 

Cleavage :  /,  very  perfect  Twins :  twinning- 
plane  O. 

H= 2-2*5.  G= 8*998,  a  cleavable  variety  from 
Neumarktel.  Lustre  adamantine,  inclining  to  metal- 
lic when  dark-colored,  and  to  dull  m  friable 
varieties.  Color  cochineal-red,  often  inclining  to 
brownish-red  and  lead-gray.  Streak  scarlet,  sub- 
transparent,  opaque.  Iracture  subconchoidal,  un- 
even.    Sectile.    Polarization  circular. 

Oomp.— HgS  (or  Hg»Ss)=Snlphar  18 -8,  mercury  86 '8= 100.  Sometimes  impure  from  day, 
iron  Besqoioxide,  bitumen. 
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-  Pjrr- — ^In  the  closed  tabe  a  black  sublimate.  Carefully  heated  in  the  open  tube  gives  sul- 
phurous fumes  and  metallic  mercury,  condonsiug  in  minute  globules  on  the  cold  walls  of  the 
tabe.     B.B.  on  charcoal  wholly  volatile  if  pure. 

Obs. — Cinnabar  occurs  in  beds  in  slate  rocks  and  shales,  and  rarely  in  granite  or  porphyry. 
It  has  been  observed  in  veins,  with  ores  of  iron.  The  most  important  European  beds  of  this 
ore  are  at  Almaden  in  Spain,  and  at  Idria  in  Camiola.  It  occurs  at  Reiohenau  and  Windisoh 
Kappel  in  Carinthia ;  in  Transylvania ;  at  Ilipa  in  Tuscany ;  at  Schemnitz  in  Hungary ;  in 
the  Urals  and  Altai ;  in  China  abundantly,  and  in  Japan  ;  San  Onofre  and  elsewhere  in  Mexico ; 
in  Southern  Peru ;  forming  extensive  mines  in  California,  in  the  coast  ranges  the  princiiml 
mines  are  at  New  Almaden  and  the  vicinity,  in  Santa  Clara  Co.  Also  in  Idaho,  in  limestone, 
abundant. 

This  ore  is  the  source  of  the  mercury  of  commerce,  from  which  it  is  obtained  by  sublima- 
tion.    When  pure  it  is  identical  with  the  manufactured  vertnilimi  of  commerce. 

Metacinnabaritk  {Moore).— a  black  mercury  sulphide  (HgS).  Rarely  crystallized. 
H.  — 3.     G.  =  7*75.     Lustre  metallic,     lledington  mine,  Lake  Co.,  Cal. 

Gaudalcazakite. — Essentially  HgS,  with  part  (J:f)  of  the  sulphur  replaced  by  selenium, 
and  part  of  the  mercury  replaced  by  zinc  (Hg  :  Zn=0  : 1,  Petersen ;  — 12  : 1 ,  Ramm.).  Masfdve. 
Color  deep  black.  Guadalcazar,  Mexico.  Levioliakite  is  a  ferruginous  variety  from 
Levigliani,  Italy. 


MIIiIiERITII.    Capillary  Pyrites.     Haarkies ;  Nickelkies,  Germ. 

Rhombohedral.  IiAli=  IW  8',  Miller,  c  =  0-32955.   OAli  =  159°  10'. 

Cleavage :  rhombohedral,  perfect.  Usual  in  capillary  crystals.  Also  in 
columnar  tufted  coatings,  partly  semi-globular  and  radiated. 

H.=3-3*5.  Q.=4-6-5*6r).  Lustre  metallic.  Color  brass-yellow,  inclin- 
ing to  bronze-yellow,  with  often  a  gray  iridescent  tarnish.  Streak  bright 
Brittle. 

Oomp.— NiS=Sulphur  35  6,  nickel  64 -4=:  100. 

Pyr.,  etc — In  the  open  tube  sulphurous  fumes.  B.  B.  on  charcoal  fuses  to  a  globule.  When 
roasted,  gives  with  borax  ana  salt  of  phoKphorus  a  violet  bead  in  O.F.,  becoming  gray  in  R.F. 
from  reduced  metallic  nickel.  On  charcoal  in  R.F.  the  roasted  mineral  gives  a  coherent 
metallic  mass,  attractable  by  the  magnet.     Soluble  in  nitric  acid. 

Obt. — Found  at  Joachimsthul ;  Przibram ;  Riechelsdorf ;  Audreasberg ;  several  localities 
in  Saxony ;  Cornwall. 

Occurs  at  the  Sterling  mine,  Antwerp,  N.  Y.  ;  in  Lancaster  Co.,  Pa.,  at  the  Gap  mine; 
with  dolomite,  and  penetrating  calcite  crystals,  in  cavities  in  limestone,  at  St.  Louis,  Mo. 

Bktrichite  (Zwi^).— Formula  NIjSt^ Sulphur  45} -6,  nickel  66-4=100.  Color  lead-gray. 
Occurs  in  radiated  groups  with  millerite  in  the  Westorwald. 


PTRRHOnTB.    Magnetic  Pyrites.     Magnetkies,  Germ, 

Hexagonal.     Oa1  =  135°   8' ;    c  =  0-862.      Twins :   twinning-plane   1 
(f. 435).  Cleavage:  0, perfect ;/ less  so.  Commonly  ^gg 

massive  and  amorphous;  structure  granular. 

II.=3-5-4-5.  G.=4-4r-4-68.  Lustre  metallic. 
Color  between  bronze-yellow  and  copper-red,  and 
subject  to  speedy  tarnisli.  Streak  dark  grayish- 
black.  Brittle.  Magnetic,  being  attractable  in 
fine  powder  by  a  magnet,  even  when  not  affecting 
an  ordinary  needle. 

Oomp.— (1)  MosUy  Fe,8j=8ulphnr  89-5,  iron  60-5=100  ;  but  varying  to  Fe.Sfl,Fe,S,o  and 
Fe^oSi  1.     Some  varieties  contain  3-6  p.  o.  nickel.     Uorbachitt  contains  (Wagner)  12  p.  c.  Ni. 
Pyr.,  etc. — Unchanged  in  the  dosed  tube.    In  the  open  tube  gives  sulphurous  oxide.    On 
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charcoal  in  R.F.  fuses  to  a  black  magfiietic  mass ;  in  O.F.  is  converted  into  iron  sesquiozide, 
which  with  fluxes  gives  only  an  iron  reaction  when  pure,  but  many  varieties  yield  small 
amounts  of  nickel  and  cobalt.  Decomposed  by  muriatic  acid,  with  evolution  of  sulphuretted 
hydrogen. 

Diff. — Distinguished  by  its  magnetic  character,  and  by  its  bronze  color  on  the  fresh  fracture. 

Obs. — Occurs  in  Norway ;  in  Sweden ;  at  Andreasberg ;  Bodenmais  in  Bavaria ;  N.  Tagilsk ; 
in  Spain ;  the  lavas  of  Vesuvius ;  Gomwall. 

In  N.  America,  in  Vermont,  at  Stafford,  Corinth,  and  Shrewsbury ;  in  many  parts  of 
Mashachusetts ;  in  Connecticut,  in  Trumbull,  in  Monroe  ;  in  N.  York,  near  Nahiral  Bridge 
in  Diana,  Lewis  Co.  ;  at  0*Neil  mine  and  elsewhere  in  Orange  Co.  In  N.  Jersey,  Morris  Co., 
at  Hurdstown.  In  Pennsylvania,  at  the  Gap  mine,  Lancaster  Co.,  niccoliferous.  In  Tennes- 
see, at  Ducktown  mines.     In  Canada,  at  St.  Jerome  ;  EUizabethtown,  Ontario  (f .  435),  etv. 

The  niccoliferous  pyrrhotite  is  the  ore  that  affords  the  most  of  the  nickel  of  commerce. 

Troilitis. — ^According  to  the  latest  investigations  of  J.  Lawrence  Smith,  composition 
FeS,  iron  proto-sulphide  ;  that  is,  iron  63*6,  sulphur  36 -4=:  100.  Occurs  only  in  iron  meteor- 
ites. Daubri:elite  (Smith). — Composition  CrS.  Observed  in  the  meteoric  iron  of  Northern 
Mexico ;  occurring  on  the  borders  of  troilite  nodules.  Similar  to  $hepardiU^  Haidinger 
{=sehreibersite,  Shepard),  described  by  Shepard  (1846)  as  occurring  in  the  Bishopville,  S.  C., 
meteoric  iron. 

SCHREIBERBITB  also  solely  a  meteoric  mineral     Contains  iron,  nickel,  and  phosphorus. 

WURTZITE  (Spiauterite). — ZnS,  like  sphalerite,  but  hexagonal  in  crystallization.     Bolivia. 


ORBXINOOKmi. 

Hexagonal ;  hemimorphic.  O  A 1  =  136°  24' ;  c  =  0-8247.  Cleavage : 
/,  distinct ;  O,  imperfect. 

H.=3-3'5.  G.=4'8-4'999.  Lnstre  adamantine.  Color  honey-yellow; 
citron-yellow ;  orange-yellow — veined  parallel  with  the  axis ;  bronze- 
yellow.  Streak-powder  between  orange-yellow  and  brick  red.  Nearly 
transparent.     Strong  double  refraction.     Not  thermoelectric,  Breithaupt. 

Oomp — CdS  (or  Cd,S,)= Sulphur  222,  cadium  77*8. 

Pyr.,  etc— In  the  dosed  tube  assumes  a  carmine-red  color  while  hot,  fading  to  the  original 
yellow  on  cooling.  In  the  open  tube  g^vcs  sulphurous  oxide.  B.B.  on  charcoal,  either  alone 
or  with  soda,  gives  in  B:F.  a  reddish-brown  coating.  Soluble  in  hydrochloric  acid,  evolving 
sulphuretted  hydrogen. 

Obs. — Occurs  at  Bishoptown,  in  Renfrewshire,  Scotland ;  also  at  Prdbram  in  Bohemia ; 
on  sphalerite  at  the  Ueberoth  zinc  mine,  near  Friedensville.  Lehigh  Co.,  Pa.,  and  at  Granby, 
Ma 


NIOOOIaFTB.    Copper  Nickel.     Eupfemickel,  Rothnickelkies,  Oerm, 

Hexagonal.  (?  Al  =  13°6  35';  c  :  0-81944.  Usually  massive,  strncture 
nearly  impalpable ;  also  reniform  with  a  columnar  structure ;  also  reticu- 
lated and  arborescent. 

H.=5-5'5.     (t.=7*33-7'671.     Lustre  metallic.     Color  pale  copper-red, 
with  a  gray  to  blackish  tarnish.     Streak  pale  brownish-black.     Opaque 
Fracture  uneven.     Brittle. 

Oomp. — ^NiAs  (or  NiaAs,)= Arsenic  56*4,  nickel  48*6=100;  sometimes  part  of  the  arsenic 
replaced  by  antimony. 

Pjrr*}  etc. — In  the  closed  tube  a  faint  white  crystalline  sublimate  of  araenous  oxide.  In  the 
open  tube  arsenous  oxide,  with  a  trace  of  sulphurous  oxide,  the  assay  becoming  yellowish- 
green.  On  charcoal  gives  arsenical  fumes  and  fuses  to  a  globule,  which,  treated  with  borax 
glass,  affords,  by  successive  oxida^on,  reactions  for  iron,  cobalt,  and  nickel.  Soluble  in 
nitro-hydrochlorift  add. 

Difil — Distinguished  by  its  color  from  other  similar  sulphides,  as  also  by  its  pyrognoetioaL 
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Oba.~~Oactm  u  nveral  Sucoa  minei,  alio  in  Thnnngia,  Heme,  and  StyriA,  and  at  All*- 
tnont  in  Dimphiny ;  oooaaionall;  in  Cornwall ;  Chili ;  aboiidMit  at  Uiua  de  la  Rioja,  in  tbe 
Argentine  Proriccea.     Found  at  Chatham,  Conn.,  in  g[neias,  aaaooiated  with  amaltite. 

BRerraAUPrrTE.— Composition  NiSb^Antimonjr  ffJ-8,  nickel  32-2=100.  Color  light 
copper -red.     Andreaaberg. 

ABITB.— Aa  aulimomferoiu  niooolite,  containing  28  p.  c.  Sb.  Bassee-Pyrendee ;  WoUaob, 
Baden. 


C.   DEUTO    OK    PYRITE    DIVISION. ' 

(o)  Pyrite  Qroup. 

PTRTI^    Iron  PTiites.     Bchwefelldei,  Eiaenkiea,  Qerm. 

Isometric ;  pyritohedral.  The  cTibe  the  most  coitimon  form ;  the  pyrito- 
hedron,  f,  92,  p.  23,  and  related  forms,  f,  94,  95,  96,  also  veir  common. 
See  also  f.  103,  ltl4,  105,  p.  24.  Cubic  faces  often  striated,  with  stnattonB 
of  adjoining  faces  at  right  angles,  and  due  to  oscillatory  (.-ombi nation  of  tlie 
cube  and  pyritohedron,  the  striie  having  the  direction  of  the  edges  between 
0  and  *-2.  Oryatals  sometimes  acJcnlar  through  elongation  of  cubic  and 
other  forms.  Cleavage:  cubic  and  octahedral,  more  or  less  distinct.  Twins: 
twinine-plaiie  1,  i.  276,  p.  93.  Also  reniform,  globular,  stalactitic,  with  a 
crysialliiie  surface ;  sometimes  radiated  subfibrous.     Massive. 


H.=6-6'5.  G.  =  4-83-5-2.  Lustre  metallic,  splendent  to  glistening. 
Color  a  pale  brasft-yellow,  nearly  uniform.  Streali  greenish  or  orownish- 
black.  Opaqne.  "Fracture  ci>n*ehoidal,nnoven.  Brittle.  Strikes  fire  with 
steel. 

Oomm  Var^FeSi  =  BDlphnr53-3.  iron40-7=10a  Nickel,  oobalt,  and  thallium,  and  also 
copper.  Bometimea  replace  a  little  of  the  iron,  or  eUe  occur  aa  miituiM ;  and  gold  ia  aome- 
tiniee  preieut,  diitnbnted  inviHibl;  thcongh  it. 

Pyr.,  oto — Tn  the  oloaed  tube  a  Bnblimate  of  anlphnr  and  a  magnetic  residae.  B.B.  on 
charcoal  giTcs  off  mlphnr,  burning  with  a  blue  flame,  leaving  a  residiie  wbich  reacts  like 
p;rrhotite.     Insolnble  in  hydrochloric  acid,  but  decomposed  by  nitric  acid. 

TUB. — Di*tingnished  from  cfaalcopyiite  by  its  greater  hardneaa,  ainoe  it  caimot  be  cut  with 
a  knife ;  as  also  bj  ita  pale  color ;  from  marcaiite  by  ita  specific  gravity^  and  color.  Not 
malleable  like  gold 

Oba. — Pyiite  ocenra  abondanUy  in  rocka  of  all  ages,  from  the  oldeat  dTrtallineioaliatollie 
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most  recent  alluvial  depofdts.  It  usually  occurs  in  small  cubes,  also  in  irregular  spheroidal 
nodules  and  in  veins,  in  clay  slate,  argillaceous  sandstones,  tho  coal  formation,  etc.  The 
Cornwall  mines.  Alston-Moor,  Derbyshire,  Fahlun  in  Sweden,  Kongsberg  in  Norway,  Elba, 
Traversella  in  Piedmont,  Peru,  are  well-known  localities. 

Occurs  in  New  England  at  many  places :  as  the  Vernon  slate  quarries ;  Roxbury,  Conn.,  etc. 
In  N.  York,  at  RoKsie,  at  Schoharie;  in  Orange  Co.,  at  Warwick  and  Deerpark,  and  many 
other  places.  In  Pennnylonnia^  at  Little  Britain,  Lancaster  Co.  ;  at  Chester,  Delaware  Co  ; 
in  Carbon,  York,  and  Chester  Cos. ;  at  Cornwall,  Lebanon  Co.,  etc.  In  WisctmMn^  near 
Mineral  Point.  In  N.  Car.,  near  Greensboro*,  Guilford  Co.  Auriferous  py rite  is  common  at 
the  mines  of  Colorado,  and  many  of  those  of  California,  as  well  as  in  Virginia  and  the  States 
south. 

This  species  affords  a  considerable  part  of  the  iron  sulphate  and  sulphuric  acid  of  commerce, 
and  also  much  of  the  sulphur  and  alum.  The  auriferous  variety  is  worked  for  gold  in  many 
gold  regions. 

The  name  pyrite  is  derived  from  irr.o,  fire,  and  alludes  to  the  sparks  from  friction. 

Haueritk:. — Composition  MnSs=Sulphur  53*7,  manganese  46*3= 100.  Isometric.  Color 
zeddifih-brown.     Kalinka,  Hungary. 


-  OHAIiOOFTRTTB,    Copper  Pyrites.    Eupferktee,  Oerm. 

Tetragonal ;  tetrahedral.  O  A 14  =  135^  25';  c  =  0-98556 ;  0M  =  125° 
40' ;  1  A  1,  pyr.,  =  109°  53' ;  1  A  1  (f.  440)  =  71°  20'  and  70°  7'.  Cleav- 
age :  2'i  sometimes  distinct;  O,  indistinct.  Twins:  tw inning-plane  1-/; 
the  plane  1  (see  p.  94).     Often  massive. 
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H.=3*5-4.  G.=4*l-4'3.  Lustre  metallic.  Color  brass-yellow;  subject 
to  tarnish,  and  often  iridescent.  Streak  greenish-black — a  little  shining. 
Opaque.     Fracture  conchoidal,  uneven.   • 

Oomp, — CuFeSa= Sulphur  34-9,  copper  34*6,  iron  80*5=100.  Some  analyses  give  other 
proportions ;  but  probably  from  mixture  with  pyrite.  There  are  indefinite  mixtures  of  the 
two,  and  with  the  increawe  of  the  latter  tho  color  beoomes  paler. 

This  species,  although  tetragonal,  is  very  closely  isomorphous  with  pyrite,  the  variation 
from  the  cubic  form  being  slight,  the  vertical  axis  being  0 '08560  inRt«ad  of  1. 

Traces  of  selenium  have  been  noticed  by  Keraten  in  an  ore  from  Reinsberg  near  Freiberg. 
Thallium  is- also  present  in  some  kinds,  and  more  frequently  in  this  ore  than  in  pyrite. 

Pyr,,  etc. — In  the  closed  tube  decrepitates,  and  gives  a  sulphur  sublimate ;  in  tlie  open 
tube  sulphurous  oxide.     B.H.  on  charcoal  gives  sulphur  fumes  and  fuses  to  a  magnetic  glo 
bule.     The  roasted  ore  reacts  for  copper  and  iron  with  the  fluxes ;  with  soda  on  charcoal 
gives  a  globule  of  metallic  iron  with  copper.     Dissolves  in  nitric  acid,  excepting  the  sulphur, 
and  forms  a  green  sohition  ;  ammonia  in  excess  changes  the  green  color  to  a  deep  blue. 

Diff. — Distinguished  from  pyrite  by  its  inferior  hardness,  it  can  be  easily  scratched  with 
the  knife ;  and  by  its  deeper  color.  Not  malleable  like  gold,  from  which  it  differs  also  in 
being  decomposed  by  nitric  aoid. 
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Obfl. — Cbalcopyrite  is  the  principal  ore  of  chopper  at  the  Cornwall  mines.  Occnrrf  at  Frei- 
berg ;  in  the  Bannat ;  Hungary ;  and  Thuringia ;  in  Scotland  ;  in  Tuscany  ;  in  South  Australia ; 
in  fine  crystals  at  Cerro  Blanco,  Chili. 

A  common  mineral  in  America,  some  localities  are :  Stafford,  Yt.  ;  Bossie,  Ellenville,  N.  Y. ; 
Phenixville,  etc. ,  Penn.  The  mines  in  North  Carolina  and  eastern  Tennessee  afford  large 
qi^iantities.  Occurs  in  Cal. ,  in  different  mines  along  a  belt  between  Mariposa  Co.  and  Del  Norte 
Co.,  on  west  side  of,  and  parallel  to,  the  chief  gold  belt ;  occurring  massive  in  Calaveras  Co.; 
in  Mariposa  Co.,  etc.  In  Can<t(Ut^  in  Perth  and  near  Sherbrooke;  extensively  mined  at 
Bruce  mines,  on  Lake  Huron. 

Named  from  x'iKK6sy  brtiM^  and  pyrite*^  by  Henckel,  who  observes  in  his  Pyritology  (1725) 
that  chalcopyrite  is  a  good  distinctive  name  for  the  ore. 

CUBANITK  is  CuFe3S4,  or  CuFcsSa  (Scheidhauer). — Occurs  massive  at  Barracanao,  Cuba; 
Tnnaberg,  Sweden. 

Barshardtite,  from  North  Carolina. — Composition  uncertain,  perhaps  Cu^FeaSj.  It  may 
be  partly  altered  from  chalcopyrite. 

SXAlfNiTE  (Zinnkies,  Oerni.). — A  sulphide  containing  26  p.  o.  tin;  also  copper,  iron,  and 
zina     Massive.     Color  steel-gray.     Chiclly  from  Cornwall,  also  Ziimwald. 


UNNJCITE.    Eobaltnickelkies,  Oerm. 

Isometric.  Cleavage :  cubic,  imperfect.  Twins :  twinning-plane  octa- 
hedral.    Also  massive,  granular  to  compact. 

H.=5'5.  G.=4'8-5.  Lustre  metallic.  Color  pale  steel-gray,  tarnishing 
copper-red.     Streak  blackish-gray.     Fracture  uneven  or  subconchoidal. 

Comp.— CoaSi  (or2CoS-}-CoSa)=Sulphur  420,  cobalt  580=100;  but  having  the  cobalt 
replaced  partly  by  nickel  or  copper,  the  proportions  varying  very  much.  The  Miisen  ore 
(itiegenite)  contains  30-40  p.  o.  of  ni(jkel. 

Pyr.,  etc. — The  variety  from  Miisen  gives,  in  the  closed  tube,  a  sulphur  sublimate  ;  in  the 
open  tube,  sulphurous  fumes,  with  a  faint  sublimate  of  arseuous  oxide.  B.B.  on  cliarcoal 
gives  arsenical  and  sulphurous  odors,  and  fuses  to  a  magnetic  globule.  The  roasted  mineral 
gives  with  the  fluxes  reactions  for  nickel,  cobalt,  and  iron.  Soluble  in  nitric  acid,  with  separa- 
tion of  sulphur. 

Di£L — Distinguished  by  its  color,  and  isometric  crystallization. 

Obs. — In  gneiss,  at  Bastnaes,  Sweden  ;  at  Miisen,  near  Siegen,  in  Prussia ;  at  Siegen 
{negenite)^  in  octahedrons ;  at  Mine  la  Motte,  in  Missouri,  mostly  massive,  also  crystalline  • 
and  at  Mineral  Hill,  in  Maryland.  ^ 


SMALTTm.    Speiskobalt,  Oei-m, 

Isometric.  Cleavage  :  octahedral,  distinct ;  cubic,  in  traces.  Also  mas- 
sive and  in  reticulated  and  other  imitative  shapes. 

Il.=5*5-G.  G.  =  0-4to7*2.  Lustre  metallic.  Color  tin-white,  inclining, 
when  massive,  to  steel-gray,  sometimes  iridescent,  or  grayish  from  tarnish. 
Streak  grayish-black.     Fracture  granular  and  uneven.     l>rittle. 

Oomp.,  Var. — For  typical  kind  (Co,Fe,Ni)Aaj=  (if  Co,  Fe,  and  Ni  be  present  in  equal 
parts)  Arsenic  72*1,  cobalt  9*4,  nickel  9*5,  iron  9*0=100.  It  is  probable  that  nickel  is  never 
wholly  absent,  although  not  detected  in  some  of  the  earlier  analyses  ;  and  in  some  kinds  it  is 
the  principal  metal.     The  proportions  of  cobalt,  nickel,  and  iron  vary  much. 

The  following  analyses  will  serve  as  examples  of  the  different  varieties  : 

As  Co  Ni  Fe  Cu 

1.  Schneeberg  7037  13  95  1-79  11-71  1  39  S  0-66.  Bi  0*01  =99  88  Hofmann. 

2,  AUemont  (cifxintliite)   7 I'M  1871  0-82  S  2-29=98-93  Ilammclsberg. 

8.  Eiechelsdorf  60-43  1080  2587  080  8  211  =  100. 

4.  Schneeberg  74  80     3-79    1280      733    S  0-85=99«3  Karstedt 
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Vyr^  eCc^ — In  the  doie  tnbe  girex  a  iniblimjite  of  metallic  anenio ;  in  tlie  open  tabe  a 
white  HnbUmate  of  ainenoiu  oxide,  and  s^^metimeff  traces  of  snlphoitms  oxide.  B.B.  on  char- 
coal ffirefi  an  aiwenical  odfjr.  and  fnaes  to  a  globole.  which,  treated  with  aaooeeaiTe  portions 
of  iKirax-iflaMH,  affonlfi  reactionii  for  iron,  cobalt,  and  nickel. 

Oba. — Uinially  ocean  in  reins,  acoompanjring  ores  of  cobalt  or  nickel,  and  ores  of  sOrer 
and  crjpper  ;  aJjto,  in  some  instances,  with  niocoUte  and  arscnopyrite ;  often  having  a  coating 
of  aiiriai^^nn'te, 

OoiMTH  at  Schneeberg.  etc.  in  Saxony  ;  at  Joachimsthal ;  also  at  Wheal  Spamoa  in  Cozn- 
wall  ;  at  Rif'chelMlorf  in  Hewie ;  at  Tnnaberg  in  Sweden ;  AUemoat  in  Danphine.  Also  in 
crystalif  at  Mine  La  Motte.  Missouri  At  Chatham,  Conn.,  the  chloanthite  {chat^amitt)  occora 
in  mica  filAt«;.  asfi^x.iated  generally  with  anenopyrite  and  sometimes  with  niccolite. 

BFATifioPYKfTK  is  clossiy  allied  to  smaltite.  with  which  it  occiub  at  Bieber  in  Heasen. 

Ski;ttkki:dite  (TeMsenJkies,  Germ,). — CoAss=Aisemc79'2,  oobalt20'8=100.  Isometria 
Skntterud,  Norway. 


OOBAZ^ITE.    Ghmoe  Cobalt     Kobaltglans,  Germ. 

Isomef ric ;  pyrit^>hedral.  Commonlv  in  pyritohedrons  (f.  92,  95,  etc., 
j>.  2'i).  Cleavage :  •  cubic,  perfect.  Planes  O  striated.  Also  massive, 
granular  or  compact. 

II.  =  5-5.  G.=f>-C-3.  Lustre  metallic.  O)lor  silver-white,  inclined  to 
red  ;  aW»  steel-gray,  with  a  violet  tinge,  or  grayish-black  when  containing 
much  iron.     Streak  grayish-black.     Practure  uneven  and  lamellar.    Brittle. 

Oomp.,  Var.— CoAsS  (or  CoS, + Co  As.  )= Sulphur  19-3,  arsenic  45  -2,  cobalt  35'5=:100.  The 
cobalt  is  sr>metimes  largely  replaced  by  iron,  and  sparingly  by  copper. 

Pyr.,  etc. — Unaltered  in  the  closed  tube.  In  the  open  tube,  gives  sulphurous  fumes  and 
a  crystalline  sublimate  of  arsenous  oxide.  B.B.  on  charcoal  gives  off  sulphur  and  arsenic, 
and  fuHcs  to  a  magnetic  globule  ;  with  borax  a  cobalt-blue  color.  Soluble  in  warm  nitric  add, 
sepamtinff  nrsenous  oxide  and  sulphur. 

Di£-  DiHtinguishfid  by  its  ledtlish- white  color;  also  by  its  pyritohedral  form. 

Obi. — OcMrun  at  Tunaberg.  HokonslKi,  in  Sweden  ;  sIho  at  Skutterud  in  Norway.  Other 
]ocaliti(;H  are  at  Querbach  in  Silesia,  Siegen  in  Westphalia,  and  Botallack  mine,  in  Cornwall. 
The  most  pnHluctivc  mines  are  those  of  Vena  in  Sweden. 

This  H\}('cioM  and  smaltite  afford  the  greater  part  of  the  smalt  of  commerce.  It  is  also 
emi>loyed  in  i>oroelain  painting. 


OSRSDORFFITR    Nickelarsenlkkies,  Aiseniknickelglanz,  Germ. 

Isometric  ;  pyritohedral.  Cleavage :  cubic,  rather  perfect.  Also  lamel- 
lar and  granular  massive. 

II.  =  5-5.  (t.  =  5.0-09.  Lustre  metallic.  Color  silver-white — steel- 
gray,  often  tarnished  gray  or  grayish-black.  Streak  grayish-black.  Frac- 
ture uneven. 

Comp.,  Var.— Normal,  NiAsS  (or  NiSi-fNiAsi)— Arsenic  45*5,  sulphur  19*4,  nickel  85*1= 
100.     The  compoKition  Tories  in  atomic  proi>ortions  rather  widely. 

"Pyr,,  etc. — In  the  closed  tube  decrepitates,  and  gives  a  yellowish-brown  sublimate  of 
arsenic  8uli»hide.  In  the  open  tube  yields  sulphurous  fumes,  and  a  white  sublimate  of  arsen- 
ous oxido.  B.B.  on  charcoal  gives  sulphurous  and  garlic  odors  and  fuses  to  a  globule,  which, 
with  borax-gloHs,  gives  at  first  an  iron  reaction,  and,  by  treatment  with  fresh  portions  of  tho 
flux,  cobalt  and  ni(;kei  ore  successively  oxidized. 

Decomposed  by  nitric  add,  forming  a  g^en  solution,  with  separation  of  sulphur  and  arsen- 
ous oxide. 

Obs.-  -  OccurR  at  Loos  in  Sweden  ;  in  the  Harz  *  at  Schladming  in  Styria ;  Slamsdorf  in 
Lower  'Diuringia ;  Haueisen,  VoigUand ;  near  Ems.  Also  found  as  an  incrustation  at 
Pheuixville,  Pa. 


^ 
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Ullmannite.— NiSbS  (NiS,+NiSb9)= Antimony  572,  snlphur  151,  nickel  27-7=100. 
Crenerally  contains  also  some  arsenid.     Color  steel-graj.     Siegen,  Harzgerode,  etc. 

CoRYNiTB. — Ni(A8,8b)S,  but  the  arsexiic  (38  p.  c. )  in  excess  of  the  antimony.  Olsa,  Corin- 
thia.  WoLFACHiTE  (Petersen),  from  Wolfaoh,  Baden,  is  Bimila:r  in  composition,  bat  if 
orthorhombic  in  form. 

Laubitb. — ^An  oeminm-nitheninm  sulphide.  Analysis  (Wohler)  Sulphur  81*79  [Osmiuni 
3*08],  Ruthenium  65.18=100.  Occurs  in  minute  octahedrons  from  the  platinum- washings 
of  Borneo ;  as  also  those  in  Oregon. 


(5)  Ma/rcasite  Group.    Orthorhombic. 


BXAROASITB.    White  Iron  Pyrites.    Strahlkies,  etc.,  Germ, 
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Orthorhombic.  /A  7=  106°  5',  OM-l  =  122°  26',  Miller  -,  c:l\d  = 
1-5737  :  1-3287  :  1.  Oa  1  =  116°  55' ;  O M-l 
=  130°  10'.  Cleavage:  7  rather  perfect;  l-« 
in  traces.  Twins :  twinning-plane  7,  sometimes 
consisting  of  five  individuals  (see  f.  308,  p.  98) ; 
also  1-i.  Also  globular,  reniform,  and  other 
imitative  shapes — structure  straight  columnar ; 
often  massive,  columnar,  or  granular. 

H.=6-6  5.  G.=4:-678-4-847.  Lustre  metallic.  Color  pale  bronze-yel 
low,  sometimes  inclined  to  jgreen  or  gray.  Streak  grayish-  or  bix)wnish 
black.     Fracture  uneven,     brittle. 

Oomp.,  Var,— FeS,,  like  pyrite= Sulphur  53-3,  iron  46*7=100. 

The  varieties  that  have  been  recognized  depend  mainly  on  state  of  ciystallizatioii ;  as  th< 
Radiated  {Strahlkies) :  Radiated  ;  also  the  simple  crystals,  f^ockscomb  (KamnUeUa) :  Aggre 
gations  of  flattened  crystals  into  crest-like  forms.  Spear  (Speerkies) :  Twin  crystals,  witl 
reentering  angles  a  little  like  the  head  of  a  spear  in  form.  Capillary  (Haa^kies) :  In  capil 
laiy  crystallizations,  etc. 

Pyr. — Like  pyrite.     Very  liable  to  decomposition ;  more  so  than  pyrite. 

Zdflf. — Distinguished  from  pyrite  by  its  paler  color,  especially  marked  on  a  fresh  surface 
by  its  tendency  to  tarnish ;  by  its  inferior  specific  gravity. 

Obs. — Occurs  near  Carlsbad  in  Bohemia ;  at  Joachimsthal,  and  in  several  parts  of  Saxony 
in  Derbyshire ;  near  Alston  Moor  in  Cumberland ;  near  Tavistock  in  Devonshire,  and  ii 
Cornwall. 

At  Warwick,  N.  T.  Massive  fibrous  varieties  abound  throughout  the  mica  slate  of  Nev 
England,  particularly  at  Cummington,  Mass.  Occurs  at  Lane's  mine,  in  Monroe,  Conn.  ;  ii 
Trumbull ;  at  East  Haddam  ;  at  Haverhill,  N.  H.  ;  Oalena,  111. ,  in  stalactites.  In  Canada  ii 
Neebing. 

Marcasite  is  employed  in  the  manufacture  of  sulphur,  sulphuric  acid,  and  iron  sulphate 
though  less  frequently  than  pyrite. 


I 


ARSBNOPTRIXBy  or  MISPIOEEL.    Arsenical  Pyrites.    Aisenikkies,  Oerm. 

Orthorhombic.     /A  /=  111°  53',  OM-i  =  119°  ST;c:b:d  =  1-7^88 
1-4793  :  1.      Oa  1  =  115°   12',    OAVi  =  130°  4'.     Cleavage :   I  rathei 
distinct ;   O,  faint  traces.     Twins  :  twinning-plane  /,  and  1-*.     Also  colum 
nar,  straight  and  divergent ;  granular,  or  compact. 

n.=f5-5-6.    Q.=6-0-6-4;  6-269,  Franoonia,  Kenngott.    Lustre  metallic 
15 
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debckhtive  xcteralogt. 


Color  silver-white,  inclining  to  steel-gray.    Streak  dark  grayish-black.    Frac- 
ture uneven.     Brittle. 
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Fnmconia,  N.  H.  Franoonia,  N.  H.,  and  Kent,  N.  T. 


Danaite. 


Oomp.,  Var.—FcA8S=FeS, -I- A8S,= Arsenic  46-0,  sulphur  19-6,  iron  34-4=100.  Part  of 
the  iron  sometimes  replaced  by  cobalt ;  a  little  nickel,  bismuth,  or  silver  are  also  occasionaUy 
present.  The  cobaltic  variety,  called  danaite  (after  J.  Freeman  Dana),  contains  4-10  p.  c.  of 
cobalt. 

Pyr.,  etc. — In  the  closed  tube  at  first  gives  a  red  sublimate  of  arsenic  sulphide,  then  a 
black  lustrous  sublimate  of  metallic  arsenic.  In  the  open  tul>c  gives  sulphurous  fumes  and  a 
white  sublimate  of  arsenous  oxide.  B.  B.  on  charcoal  gives  the  odor  of  arsenic.  The  varieties 
containing  cobalt  g^ve  a  blue  color  with  borax-glass  when  fused  in  O.F.  with  successive  por- 
tions of  flux  until  aU  the  iron  is  oxidized.  Gives  fire  with  steel,  emitting  an  alliaceous  odor. 
Decomposed  by  nitric  acid  with  separation  of  arsenous  oxide  and  sulphur. 

Diff. — Distinguished  by  its  form  from  smaltite.  Leucopyrite  (lollingite)  do  not  give 
decided  sulphur  reactions. 

Obs. — Found  principally  in  ciystalline  rocks,  and  its  usual  mineral  associates  are  ores  of 
silver,  lead,  and  tin  ;  pyrite.  chalcopyrite,  and  spalerite.     Occurs  also  in  serpentine. 

Abundant  at  Freiberg ;  at  Reichenstein  in  Silesia ;  at  Schladming ;  Andreasbeig ;  Joacbims- 
thal ;  at  Tunabeig  in  Sweden  ;  at  Skutterud  in  Norway ;  in  ComwaU ;  in  Devonshire  at  the 
Tamar  mines. 

In  Nric  Hampshire^  in  gneiss,  at  Franconia  {danaite) ;  also  at  Jackson  and  at  HaverbilL 
In  Maine^  at  Blue  Hill,  Corinna,  etc.  In  Vermfnit.  at  Brookfield,  Waterbury,  and  Stockbridge. 
In  Afass,^  at  Worcester  and  Sterling.  In  Conn.^  at  Monroe,  at  Mine  Hill,  Roxbury.  In  s'ew 
Jersey^  at  Franklin.  In  N.York,  massive,  in  Lewis.  Essex  Co.,  near  Edenville.  and  else- 
where in  Orange  Co. ;  in  Carmel ;  in  Kent,  Putnam  Co.  In  California,  Nevada  Co.,  Grass 
valley.  In  S.  America,  in  Bolivia ;  also,  niccoliferotu  var.,  between  La  Pas  and  Yungas  in 
Bolivia  (anal,  bj  Kroeber). 

Lollingite  is  FeAs,  (=Ar8enic  728,  iron  27*2),  and  Leucopybite  is  FctAss  (=Arsenic 
66'8,  iron  3^3*2).  They  are  both  like  arsenopyrite  in  form.  Found,  the  former  at  Lolling  • 
Schladming;  Satersberg.  near  Fossum,  Norway  ;  the  latter  at  Ueichenstein ;  Geyer  (gejerite) 
near  Hiittenberg.  Carinthia. 

Glaucodot  (Co,Fe)8a-}-(Co,Fe)As,.  with  Co  :  Fe=2  :  1=  Sulphur  19-4,  arsenic  45*5,  cobalt 
23 '8,  iron  11*3=100.     Form  like  arsenopyrite.     Huasco,  Chili;    HakansbD,  Sweden. 

Alloclasite  E«(As,Bi)7S«,  with  B=Bi,Co,Ni,Fe,Zn.     Orawitza,  Hungary. 


SYLVANTTE.    Graphic  Tellurium.     Schrifterz,  Sohrift-Tellnr,  Oerm, 

Moiioclinic.  C  =  55^  21i',  /A  1=  94°  26',  C> A  1-i  =  121°  21' ;  c:b: 
■d  =  1-7732  :  0*889  :  1,  Kokscharof.  Cleavage :  i-t  distinct.  Also  massive ; 
imperfectly  columnar  to  granular. 

iL=l*5-2.  (t.  =  7-99-8'33.  Lustre  metallic.  Streak  and  color  pure  steel- 
gray  to  silver-white,  and  sometimes  nearly  bi-ass-yellow.     Fracture  uneven. 

Oomp.,  Var.— (Ag,Au)Te3=(if  Ag  :  Au=l  :  1)  Tellurium  56-8,  gold  285,  sUver  15-7=100. 
Antimony  sometimes  replaces  part  of  the  tellurium,  and  lead  part  of  the  other  metala. 
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Pyr^  etc. — In  the  open  tabe  gives  a  white  sublimate  which  near  the  assay  is  gray ;  when 
treated  with  the  blowpipe  flame  the  sublimate  fuses  to  clear  transparent  drops.  B.B.  on 
charcoal  fuses  to  a  dark  gaxy  globule,  covering  the  coal  with  a  white  coating,  which  treated 
in  R.F.  disappears,  giving  a  bluish-g^een  color  to  the  flame;  after  long  blowing  a  yellow, 
malleable  metallic  globule  is  obtained.  Most  varieties  g^ive  a  faint  coating  of  the  oxides  of 
lead  and  antimony  on  charcoal. 

Obfl. — Occurs  at  Offenbanya  and  Nagyag  in  Transylvania.  In  California,  Calaveras  Co. ,  at 
the  Melones  and  Stanislaus  mines ;  Red  Cloud  mine,  Colorado. 

Namftd  from  Transylvania,  the  country  in  which  it  occurs,  and  in  allusion  to  ayUanium^  one 
of  the  names  at  first  proposed  for  the  metal  tellurium.  Called  grapJUc  because  of  a  resem- 
blance in  the  arrangement  of  the  crystals  to  writing  characters. 

Schrauf  has  stated  that,  according  to  his  measurements,  sylvanite  is  orihorTumibic 

Calayeritb  {Genth,)  has  the  composition  AuTe4= Tellurium  55*5,  gold  44*5=100.  Mas- 
sive.    Color  bronze-yellow.     Stanislaus  mine,  CaL  ;  Bed  Cloud  mine,  Colorado. 

NAOYAQmi.    Blattererz,  Blattertellur,  Germ. 

Tetragonal.    O  A  li  =  127°  37' ;  c  =  1*298.     (?  A 1  =  118°  37'.     Cleav- 
age:  basal.     Also  graiiularly  massive,  particles  of 
various  sizes;  generally  foliated.  446 

H.=l-l-5.  G.=6S'5-7-2.  Lustre  metallic, splen- 
dent. Streak  and  color  blackish  lead-gray.  Opaque. 
Sectile.     Flexible  in  thin  laminsB. 

Oomp. — Uncertain,  perhaps  R(S,Te)9,  withR=Pb,Au  (Ramm.).  Analysis,  Schonlein,  Te 
30-52,  S  8-07,  Pb  50-78,  Au  911,  Ag  0-63,  Cu  0-99=100. 

P3rr.,  etc. — In  the  open  tube  gives,  near  the  assay,  a  g^yish  sublimate  of  antimonat«  and 
tellurate,  with  perhaps  some  sulphate  of  lead  ;  farther  up  the  tube  the  sublimate  consists  of 
antimonous  oxide,  which  volatilizes  when  treated  with  the  flame,  and  tellurous  oxide,  which 
at  a  high  temperature  fuses  into  colorless  drops.  B.B.  on  charcoal  forms  two  coatings  :  one 
white  and  volatile.  consiHting  of  a  mixture  of  antimonite,  teUurite,  and  sulphate  of  lead ;  and 
the  other  yellow,  less  volatile,  of  oxide  of  lead  quite  near  the  assay.  If  the  mineral  is  treated 
for  some  time  in  O.  F.  a  maUeable  globule  of  gold  remains ;  this  cupelled  with  a  little  assay 
lead  assumes  a  pure  gold  color.     Decomposed  by  nitro-hydrochloric  acid. 

Obs. — At  Nagyag  and  Offenbanya  in  Transylvania,  in  foliated  masses  and  cryptalline  plates. 

CovELLiTE  (Kupferindig,  Germ.). — Composition  CuS= Sulphur  33  o,  copper  66  5=100. 
Hexagonal  Commonly  massive.  Color  indigo-blue.  Mansfeld,  etc  ;  Vesuvius,  on  lava ; 
ChiU. 

Melonite  {Genth.). — A  nickel  telluride,  formula  probably  NiQTes= tellurium  76*5,  nickel 
23*5^100.  Hexagonal.  Cleavage  basal  eminent.  Color  reddish -white.  Streak  dark-gray. 
Occurs  mixed  with  other  tellurium  minerals  at  the  Stanislaus  mine,  CaL 


3.  TERNARY    COMPOUNDS.    Sulpharsenites,  Sulphantimonitbs, 

SuLPHOBISMUTHrrES.* 

(a)  Group  I.     Formula  R(As,Sb)2S4=RS+(A8,Sb)2S8. 

MIAROTRITR 

Monoclinic.  0=  48°  14';  I A 1=  106°  31',  (?  A  14  =  136°  8' ;  c:b:d 
=  1*2883  :  0*9991  :  1,  Naumann.  CryBtals  thick  tabular,  or  stout,  or  short 
prismatic,  pyramidal.  Lateral  planes  deeply  striated.  Cleavage  :  ^-r,  14 
imperfect. 

*  The  species  of  this  group  contain  as  bases  chiefly  copper,  lead,  and  silver.  They  can  be 
most  readily  distinguished  by  their  behavior  before  the  blowpipe.  Attention  may  be  called 
to  the  group  of  lead  sulphantimonites,  zinkentte,  jdnffionite^  {jamesonite)  bmilangerite^  mene^ 
ghinite,  geocronie^  for  which  the  pyrognostics  are  nearly  similar,  and  which  are  most  surely 
distinguished  by  Uieir  specific  gravity. 
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H.=2-2-5.  G,=5'2-5'4,  Liietre  eiibmetallic-adaniantiiie.  Color  iron- 
black.  Streak  dark  cherry-red.  Opaque,  except  in  tliin  eplinters,  which, 
by  trausmitted  liglit,  are  deep  blood-red.     Fracture  Bubconchoidal. 

Oomp.— AgSbSt  (or Ag,S+ Sb, Si) = Sulphur  SI'S,  antimoiif  41-5,  sUver  36*7  =  100^ 

Pyr.,  etc In  the  closed  tobe  deorepitat^a,  fuses  eaail;,  and  gives  a  subBmate  of  ontimoiij 

milphida ;  in  the  open  tube  Bulphnroas  and  antimonoup  fames,  the  latter  as  a  white  sublimate. 
B.B.  on  charcoal  fuses  quietly,  with  emiRsion  of  sulphur  and  Euitimonj  fumes,  to  agraj  bead, 
which  aftercontinued  treatment  in  OF,  leaves  a  bright  globule  of  ailier.  If  the  silver  globule 
be  treated  with  phosphorus  salt  in  O.  F. ,  the  green  glass  thiu  obtained  shows  troccB  of  capper 
when  fused  with  tin  in  B.  F. 

Decomposed  by  nitric  add,  with  separation  of  mlphni  and  imtimonoiis  oxide. 

Oba.— At  BraUnsdorf,  near  Freiberg  iu  Saiony  ;  Felsobanja  {kenngotUU) ;  Pnibram  in 
Bohemia ;  Clansthal  {hypargyrite)  \  Qundalajaia  in  Spain  ;  at  Paranos,  and  the  mine  Sta.  M. 
de  Catoioe,  near  Potosi ;  Also  at  Moliuares,  Mexica 

SABTORITEI.    Sclekoclabe. 

Orthorhombic.     /A  /=  123°  21',  OM-l-  181"  Z' ;  c:l:  <i  =  1-14S3  : 
1-8553  :  1.   CrystalB  Blender,   Cleavage : 
W7  0  quite  distinct. 

H.=3.  G.=5'39S.  Lustre  metallic. 
Color  dark  lead-gray.  Streak  reddieh- 
bmwn.     Opaque.     Brittle. 

Oomp^FbAs,S,(PbB+As,S.)=SulphiiT  7»% 

arsenic  30-0,  lead  42-7=100. 

Pyr.,  ettt^Nearly  the  same  as  for  dnfrenoy- 
eite  (q.  T. ),  but  differing  in  strong  decrepitation. 
Obi.— From  the  Binnen  valley  witb  dufrenoy- 
«it«  and   binnite.      As  the  name  Scleroclase  is 
inapplicable,    and    the    mineral    was   first    an- 
nounced by  Saitorins  v.  Waltetsbaoaen,  the  apeciea  may  be  appropriately  oalled  SartoriU. 
It  Is  the  binniU  of  Uensser. 

ZtHEBHITB. 

Orthorhombic.  /a  7=120°  39',  Rose.  UBual  in  twine,  as  hexagonal 
prisms,  with  a  low  hexagonal  pyramid  at  summit.  Lateral  faces  longitudi- 
nally striated.  Sometimes  colmnriar,  fibrous,  or  massive.  Cleavage  not 
distinct. 

H.=3-3-5.  G.=5'30-5-35.  Lustre  metallic.  Color  and  streak  steel- 
gray.     Opaque.     Fracture  slightly  uneven, 

Oomp.— PbSbjS,  (or  PbS-hSb,S,)=Siilphnr  23-1,  antimony  42'2,  lead  35-7=100. 

Pyr.,  etc. — ^Decrepitatns  and  fuses  very  eaaUy  \  in  the  closed  tnbe  gives  a  faint  sublimate 
of  sulphur  and  anttmonoos  sulphide ;  in  the  open  tube  sulphnrous  fumes  and  a  white  sobli' 
mate  of  oxide  of  antimony.  B.B.  on  charcoal  is  almost  entirely  volatilized,  giving  a  coating 
which  on  the  outer  edge  is  white,  and  near  the  assay  dark-yellow ;  with  soda  in  IL  F.  yields 
globules  of  lead. 

Soluble  in  hot  hydrochlorio  add  with  evolution  of  eiilphnrett«d  hydrogen  and  separation  of 
lead  chloride  on  cooling. 

Besembles  Htibnite  and  bonrnonite,  but  may  be  distinguished  by  its  superior  hardness  and 
gpefiilio  gravity, 

Obs. — Oocunt  at  Wolfsberg  in  the  Harx. 

CllALCOBTlDlTi::  [Kupferanldmonglanz,  Oerm.). — Composition  CuSbSg  (or  GniS  f  SbiSi)  = 
Sulphur  35-7,  antimonT  i8-9,  oopper  25't  Color  lead-gray  to  Iron  gray.  Wolfsberg  in  the 
Haiz. 

EMPi,ECTrrE  (Kupferwismuthglani,  (?«t?i.),— Composition  CoBiS,  (or  Cn  S  +  Bi39i)=8n]- 
pbnr  10-1.  bUmnth  Q3-0,  copper  18-9=100.     Color  gnjub  to  tin-white.     "  ' 
Saxony ;  Copiapo,  Ohili 


8ULPHAR8ENITE8,   SULPHAimMONrrES,  ETC. 
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Berthterite. — Composition  approximately  FeSbaSi  (or  FeS+Sb9Ss)= Sulphur  30*0,  anti- 
mony 57*0,  iron  18*0=100.  Color  dark  steel-gray.  Anvergne;  Braansdorf,  Saxony;  Corn- 
wall, etc. ;  San  Antonio,  CaL 

(5)  Sub-Group.    Formula  E3(As,Sb,Bi)4S9=3RS  +  2(A8,Sb,Bi)2Sj,. 

Plagionitb. — Composition  (Rose)  Pb4Sb«Sit  (or  4PbS  +  3SbaS8)= Sulphur  21*1,  antimony 
87  0,  lead  41*9.     Moiioclinic.    G.=5*4.     Found  at  Wolfsberg  in  the  Harz. 

JoRDANiTB  (v.  Rath). — Composition  PbsAs4S0  (or  8PbS-h2As9S3)=Sulphur  23*8,  arsenio 
24*8,  lead  51  *4.  Orthorhombic.  Resembles  sartorite,  but  distinguished  by  its  black  streak, 
its  six-sided  twins,  and  by  not  decrepitating  B.B.     Binnenthal,  Switzerland. 

BiNNiTft. — Composition  probably  CueASiSo  (or  3Cu9S-|-2AsaS8)= Sulphur  29*7,  arsenic  31*0, 
copper  39*3=100.  Isometric.  Streak  cherry -red.  Binnenthal  in  dolomite  (d{//r«7i(7^«i^  of 
Y.  Waltershausen). 

Klaprotholitb  (Petersen). — Composition  Cu«Bi4Sb«  (or  3CuaSH-2BiaSi).  Orthorhombia 
Cleavage  »-i  distinct.     Color  steel-gray.     6.  =4*6.     Wittichen,  Baden. 

ScniRMERiTK  (G^^f^) .—Composition  RsBi4SB  (or  3RS-i-2BiaS,),  with  R=Aga  :  Pb:^2  :  1. 
This  requires  sulphur  16*4,  bismuth  47*3,  silver  24 '5,  lead  11 '8=100.  Massive,  disseminated 
in  quartz.     Color  lead-gray.     Red  Cloud  mine,  Colorado. 

{c)  Group  IL    Formula  E3(Sb,A8)2S6=2RS-|-(Sb,AB)2S3. 

JAMBSONTTB.    Federerz,  Germ. 

Ortliorhombic.  I A 1=  101°  20'  and  78^  40'.  Cleavage  basal,  highly 
perfect;  /and  i-i  less  perfect.  Usually  in  acicular  crystals.  Also  fibrous 
massive,  parallel  or  divergent;  also  in  capillary  forms;  also  amorphous 
massive. 

II.=2-3.  G.=5*5-5'8.  Color  steel-gray  to  dark  lead-gray.  Streak 
gray. 

Comp — Pb,SbaS»  (or  2PbS-hSba8,) ;  more  strictly  2PbS=2  (or  Pb,Fe)S.  If  Fe  :  Pb=l  : 
4,  Sulphur  21*1,  antimony  32*2,  lead  43*7,  iron  30=100.  Small  quantities  of  zinc,  bis- 
muth, silver,  and  copper  are  also  sometimes  present. 

Fyr. — Same  as  for  zinkenite. 

Diff. — Distinguished  from  other  related  species  by  its  perfect  basal  cleavage. 

Obs. — Jamesonite  occurs  principaUy  in  Cornwall,  in  Siberia,  Hungary,  at  Valentia,  d* Alcan- 
tara in  Spain,  and  Brazil. 

The  feather  ore  occurs  at  Wolfsberg  in  th^  Eastern  Harz ;  also  at  Andreasberg  and  Clans- 
thai ;  at  Freiberg  and  Sohemnitz  ;  at  Pfaffenberg  and  Meiseberg ;  in  Tuscany,  near  Bottino  ; 
at  Chonta  in  Peru. 
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DUFRENOYSITB. 

Orthorhombic.     7  A  /=  93^  39',  O  M^  =  121°  30',  i:l:d  =  1-6318  : 
1-0658  :  1.     Usual  in   thick  rectan- 
gular tables.    Cleavage:  O  perfect. 
Also  massive. 

n.  =  3.  G.=5-549-5-569.  Lustre 
metallic.  Color  blackish  lead-gray. 
Streak  reddish-brown.  Opaque.  Brit- 
tle. 

Oomp.— PbaAsaSft  (or  2PbSH-2A8,S,)= Sul- 
phur 22-10,  arsenic  2072,  lead  57-l»=100. 

Pyr.,  etc. — Easily  fuses  and  gives  a  subli- 
mate of  sulphur  and  arsenous  sulphide;  in 
the  open  tube  a  smell  of  sulphur  only,  with  a  sublimate  of  sulphur  in  upper  part  of  tube,  and 
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of  kraeaotiB  oitde  below.    On  charcoal  dcciepiUtea,  mella,  yields  fnmea  of  mnenio  and  k 

globule  of  lead,  which  od  cupellatiun  yields  Hilrer. 

Oba. — From  Che  Biimeiithal  in  the  AlpB,  in  ciystalline  dolomite,  along  with  Bartoiite,  jordan- 

ite.  binnite,  etc. 

Dnmour.  who  first  studied  the  arsenio-enlphides  of  the  Bimjenthal,  analyied  the  mafiUTa 
ore  and  uamed  it  dafrttioy'ite.  He  inferred  that  the  cryHtalliiatioii  wu  iwiinetric  from  «iin« 
acHociated  crystals,  and  so  published  it.  This  led  von  WoltershaiueD  and  Heoiwer  to  call  the 
iaomctric  mineral  dufrenoysito,  and  the  latter  to  na  iie  the  ortliorhombic  apeciefi  Z'innitc  Von 
WalbershuuHeu,  after  studying  the  prismatic;  mineral,  made  out  of  the  species  aneiuimAm  and 
teUroeUaif,  yet  jutrtly  on  hjputbeticol  grounds.  Eeoently  it  has  been  found  that  thiee  ntbo- 
rhombic  minerals  exist  at  tho  locality,  as  atmonnoed  by  rom  Rath,  who  identifeB  one,  by  speci- 
fic i^ravity  aud  composition,  with  Damonr's  du/TCitoyuU;  another  he  makes  tdMwiaM  of  von 

Walteishausen  (H&rtorite,  p.  328) ;  and  the  othei  he  oaaua  jordanUe  (p.  2211).     The  ii *~'' 

■nineial  waa  called  hinrUU  by  DeaCloizeaui. 


Sohilfglaaerz,  Qemu 

C  =  87°  46',  /A  /=  119'  12',  0  a  1-i  =  137°  10'  (B.  &  M.) ; 
l:l:d  =  1-5802  :1-7U32  :  1.  OAl-i_=  123°  55'. 
PrieDiB  lijitfritudiiially  tjtriuted.  Cleavaae:  /perfect. 
11.=: 2-2-5.  U.=ti-<J-4.  Lustre  iiietalTic.  Gcilorand 
streak  light  stcel-ffray,  inclining  to  Bilver-white,  also 
blackieli  lead-grav.  Yiulde  eaeilv  to  the  knife,  aud  ia 
rather  bi-ittle.     i  racture  eubtyjiiclioidal — uneven. 

Oomp — Pb„^g,8biB..  Bamm  (or  7RS  +  3Sb,S„  with  TRS=4PbS 
+8Ag,S)  =  Kulphur  IKU  anUmony  3(t  9,  lead  30-5,  silver  23-8=100. 
Pyr. — In  the  ojien  tulie  gives  solphucons  and  antimonlal  fumea, 
the  latt«r  comleuHiiig  as  a  white  Huliliiaato.  B.  B.  on  charcoal  tiuea 
easily,  giving  a  coating  on  the  outer  edge  white,  from  antimonona 
oxide, and  near  the  assay  yellow,  from  oiide  of  lead;  continued 
blowing  leavsH  a  globule  of  silver. 

Obi.— ()ecursBtFteibcrgln  Huxony  and  Eapnik  in  TnutHylvania;  at 

BatiehoFziti ;  atPnibramj  at  Pelsobanya;  at  Hiendelencina  in  Spain. 

According  to  v.  Zepharovich.  the  mineral  from  Pnibram  ami 

Brfiniisdort,  and  part  of  that  fratn   Freibeig,  while  identical  in  compotdljon  with  freies- 

lebenite,  has  an  orthorhoinJtie  form.     It  iH  called  by  him  DtAFllOKlTK. 

Bhononiaruite.— Campositioa  Ag.PbSbiK,  (or  Pb8  +  Ag,S+abiSt)= Sulphur  19'4,  anti- 
mony 20'.'),  silver  261,  lead  26'0=1('0.  iBometric;  in  octahedrons,  ijso  ma«Bive.  Coloignty- 
Ish-black.    Meiioo. 

CoMMTK  (OenfA).— Comp(MitloaFb,Bi,S,  (or2PbS+Bi,8,)  =  ^iIpli"10'l,biBmnth42'3, 
lead  41-7=100.  Cdor  lead-gray.  Soft  and  brittle.  Cosola,  Sinalva,  Mexico.  Identicsil 
(Fruniel )  with  Rermaim'B  retibanj/itt. 

Pxni)nTiLi>KrrK  (F^uerblende,  Oerm,). — In  delicate  crystals;  color  hyacinth-ted.  Con- 
tains 02'S  p.  o.  silver,  alio  sulphur  and  antimony.     Freiberg ;  AndreasbcTg ;  Przibcsm. 

EiTTiNOBBiTE. — ^  minut«  tibular  crystals.  Color  bU^  Btreak  orange-yellow.  Goa- 
tains  solpbtir,  antlmoay,  and  silvex.    JoaohinuthaL 


(d)  Ghouf  IIL    ForranlaE^A8,Sb)A=3KS-f(Aii,Sb),Sa. 


PTBARGTIUTXI.    Bnby  BUvei.    Dark  Bed  SUrer  Ore.    Ihinkles  BothgOltigen,  Qerm. 

bdhedral.  Opposite  extremities  of  crystals  often  unlike.  BhR 
2'{lJ.ifeM.):  (?A.fl=137°42';  ^  =  0-788.  Ca  1»  =  112°  33', 
lOy''   14',    ,flAi=144''   21'.     Cleavage:    B   rather   imperfect 
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,  p.  95 ;   also 


BULPHABSRinTEB,   BULFHASTIMOKITBa,   STO. 

Twins:  eorapoaition-face— J;  0  or  basal  plane,  as  in   f.  2! 
H    and    /.     Also  massive,   structure 
granular,  soinetimes  impalpable.  ^S" 

H.  =  2-3-5.      G.=5-7-5-9.      Lustre 

inetallic-adamantiue.  Color  black, 
sometimes  approaching  cochineal- red. 
Streak  couh meal-red.  Translocent — 
opaque.     Fracture  eouchoidal. 

Oomp.  —  AgiSbS,  (or  8 AK,S+Sb,S,1= Sul- 
phur 17-7,  antimony  32-5,  silyer  59-8=;100. 

Pyr.,  eto. — In  the  doaed  tube  fuses  and  ^ves 
a  teddUh   anblimate  of  autimonous  sulphide  -, 
in  the  open  tube  sulphuioos  fumes  and  a  white  sublii 
charcoal  fnses  with  spirting'  tt)  a  globnle,  gi' 
and  the  bssb;  is  converted  Inl 
gives  a  globule  of  flue  ailve 
pulverized  njineral  with  soda  on  charcoal  in  n.  jc  . 

Decomposed  by  nitric  acid  with  separation  of  sulphur  and  antimonoua  oxide. 

Oba. — Occurs  principally  with  calcite,  native  araeuic  and  galenite.  at  Andreasberg ;  also  in 
Saxony,  Hnngaiy.  Norway,  at  Gaudalcanal  in  Spain,  and  in  GcrDWolL  In  Mexico  abundant. 
In  Chili  j  ia  Nevada,  at  Wa^oe  in  Daney  Mine ;  abUDdant  about  Austin,  Beese  river ;  at 
Poor  Han  lode,  Idaho. 


oxide.     B.B.  on 
,9  the  coal  white, 
lulpbide,  which,  treated  inO.F.,  or  with  soda  in  R.F., 
present  it  may  be  detected  by  fusing  the 


FROHSTTTE.    Light  Bed  Silver  Ore.     Licbtea  BotbgUltigerz,  Oerm. 


Rhombohedral.  R^B  =  l(iT  48',  OA.ff  =  137°  ft';  c  =  0-7S506. 
Also  granular  inassive. 

lI.=2-2'5.  G.=o '422-5  56.  Lustre  adamantine.  Color  cocliineal-red. 
Streak  cochineal- red,  sometimes  inclined  to  aurora-red.     Subtransparent — ■ 

sub  translucent.     Fracture  eouchoidal — uneven. 

Ootiip.-AK,ABS>{oi3Ag,S-f  As,S,)=Sulphur  194,  lusenio  ISl,  silver 655=100. 

PyTT  etc. — In  the  closed  tube  hues  easily,  and  gives  ft  fBintBablimate  of  arsecouh  sulphide  j 
in  the  open  tube  sulphurous  fames  and  a  white  crystalline  sublimate  of  arsenous  oxide.  B.B. 
on  charcoal  fuses  and  emits  odois  of  sulphur  and  arsenic  ;  by  prolonged  heating  in  O.P.,  or 
with  soda  in  B.P..  gives  a  globule  cf  pure  silver.      Some  varieties  contain  antimony. 

Decomposed  by  nitric  acul,  with  separation  of  snlphur  and  arsenous  oxiilc. 

Obi. — Occurs  at  Freiberg  and  elsewhere  in  Saxony  '  at  Joaohimsthal  ;  Wolfach  in  Baden  ; 
Chalanches  in  Dauphin^  ;  Quadaloanal  in  Spain  ;  in  Mexico:  Peru;  Chili,  at  Chonarcillo,  in 
magnificent  crystals.  In  Nevada,  in  the  Daney  mine,  and  in  Comstock  lode,  but  rare ;  in 
veins  about  Austin,  Lander  Co.  ;  in  miorosoopic  crystals  in  Cabarrus  Co.,  N.  C,  ftt  the 
McMakinn'         ■     --  ■        .  ..     *-       .,      .   , 


a  Idaho,  at  the  toor  Man  lode. 


BOURHONITE.    BSdelera,  G'«rm.(= Wheal  Ore  . 

Orthorhombic.  7a/=  93°40',  fAl-i  =  136"  17' (Miller) ;  c:b:<i  — 
0-95618:  1-0C62  :  1.  6* A 1-2  =  133°  26',  Oh\  =  127°  20',  O M-l  =  13S'* 
«'.  Cleavage:  i-i  imperfect ;  i-l  and  0  less  distinct.  Twins:  twinning- 
plane  face  7/  crystals  often  cruciform  (f.  453),  crossing  at  angles  of  i>  ° 
40'  and  86°  20' ;  hence,  ako,  c(^-wheel  shaped.  Also  massive  ;  granular, 
compact. 
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H. = 2'5-3.  G. = 5-7-5 -9.  Lustre  metallic.  Color  and  streak  steel-gray, 
inclining  to  blackish  lead-gray  or  iron-black.  Opaque.  Fracture  con- 
choidal  or  uneven.    Brittle. 
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Oomp.,  Var.— CuPbSbS,  Ramm.  (or  8RSH-SbiS„  with 3RS=2PbS-i-Cu.S)= Sulphur  19*6, 
antimony  250,  lead  42-4,  copper  13K)=100. 

Pyr.,  etc. — In  the  closed  tube  decrepitates,  and  g^ves  a  dark-red  sublimate.  In  the  open 
tube  g^ves  sulphurous  oxide,  and  a  white  sublimate  of  antimonons  oxide.  B.B.  on  charcoal 
fuses  easily,  and  at  first  coats  the  2oal  white,  from  antimonous  oxide ;  continued  blowing 
gives  a  ycUow  coating  of  lead  oxide;  the  residue,  treated  with  soda  in  B.F.,  gives  a  globule 
of  copper. 

Decomposed  by  nitric  acid,  affording  a  blue  solution,  and  leaving  a  residue  of  sulphur,  and 
a  white  powder  containing  antim  my  and  lead. 

Obs. — Occurs  in  the  Hiurz ;  at  lUpnik  in  Transylvania  ;  at  Servoz  in  Piedmont ;  Br&uns- 
dorf  and  Gersdorf  in  Saxony,  Olsa  in  Gorinthia,  etc. ;  in  Gomwall ;  in  Mexico ;  at  Huasco- 
Alto  in  Ghili ;  at  Machacamarca  in  Bolivia  ;  in  Peru. 

Stylotypitb. — An  iron-silver-copper  boumonite  ;  Copiapo,  Chili. 


BOnLANOERITE. 


In  plumose  masses,  exhibiting  in  the  fracture  a  crystalline  structure  ^ 
also  gj-anular  and  compact. 

H.= 2-5-3.  G. =5.75-6-0.  Lustre  metallic.  Color  bluish  lead-gray; 
often  covered  with  yellow  spots  from  oxidation. 


Oomp — PbiSbaS.  (or  3PbS+Sb,S,)= Sulphur  182,  antimony  231,  lead  58*7=100. 

Pjrr. — Same  as  for  zinkenite. 

Obs. — Quite  abundant  at  Molidres,  department  of  Gard,  in  France ;  also  found  at  Nasaf  jeld 
in  Lapland  ;  at  Nertschinsk :  Ober-Lahr  in  Sayn-Altenkirchen ;  Wolfsberg  in  the  Harz ;  near 
Bottino  in  Tuscany. 

Epihoulangisuite.— Probably  a  decomposition  product  of  boulangerite  (Websky) ;  it  con- 
tains more  sulphur  and  less  antimony.     Altenberg,  Silesia. 

WiTTicnENiTE. — Composition  CusBiS,  (or  3Cu2S+BiaS,)=  Sulphur  19*4,  bismuth  42.1, 
copper  38 '5  =100.     Color  steel-gray.     Wittichen,  Baden. 

KOBELLITE.— Pb,BiSbSe  (or  3PbS4-(Bi.Sb),S3)  Bamm.  =Sulphur  16-8,  antimony  107,  bis- 
muth 18  2,  lead  54*3=100.     Color  lead-gray  to  steel-gray.     Hvena,  Sweden. 

AIKINITK  (Nadelerz,  (rVrm.).— CuPbBiSa  (or  CusS-h2PbS+Bi,S,)=Sulphur  167,  bismuth 
86*SL  lMd36'0,  copper  11*1  =  100.  In  aciciilar  crystals,  also  masslYe.  Color  bUkokish  lead- 
>£,  Urals ;  Gold  UiU,  North  Carolina. 
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(«)  Grodp  IV.    Formula  R,(Afl,Sb3i)sS,=4RS  +  (Aa,Bb,Bi)^ 
TBTRAHBDBITE.   Qmy  Copper  Ore.    FbIiIbii;  Antimoii- aodQaeokgUberfRMert,  Cwm. 

leometric ;  tetraliedral.  Twins :  twinning-plane  octahedral,  producing, 
when  the  composition  ie  repeated,  the  form  in  f.  456.  Also  inaBeive ;  gran- 
ular, coarse,  or  fine ;  compact  or  crrpto-crystalline 


H.=3-4'5.  G.=4-5-5*ll.  Lustre  metallic.  Color  between  light  flint- 
gray  and  iron-black.  Streak  generally  same  as  the  color ;  sometimes 
inclined  to  brown  and  cheiTy-red.  Opaque ;  eometimes  Bubtransliicent  in 
very  thin  splinters,  transmitted  color  cherry-red.  Fracture  subconchoidal 
— uneven.     Kather  brittle. 

Oomp.,  T*r.— CDtSbiB,  (ai4CaiS  +  8b,S>),  with  port  of  the  oopper  (Cdi)  often  replaced  bj 
IrOD  (Fa),  duo  <Zn),  aUver  (Agi),  or  qaiokiiilYer  (Hg),  and  raiel;  cobalt  (Co),  nai  pact  of  th« 
aptimony  by  M»enio,  Mtd  rarely  biamuth.  Batia  Agi-l-Ciii  ;  Zn+Feg;eiierally  =3  :  1.  There 
are  tbos: 

A.  Aq  antunonial  aeriea;  B.  Aj]  araenio-anliiaoniBl  series;  0.  A  bisauthlo  useaio-Biiti- 
monial ;  besidea  an  arienical,  in  which  arsenic  replaces  all  the  antiniony,  and  which  is  made 
into  a  dietinct  species  named  tenTUinliU, 

Var.  1.   Ordinary.  Cootaining  little  or  no  HJlver.  Color  iteol-gn^  to  dark-gray.  Q.=6-S-8. 

2.  Arqent\ffrov»  ;  FreiAerffilt,    Light  Bteel-gniy,  eometimeairoti-blaok.    G.=4-8-S,  orless. 

3.  MercuTi^emu;  SehwaUUe.     Color  gray  to  iron-black.     G.=6-6-8. 
The  following  analyses  will  Hcrre  as  examples  of  theee  varietlea : 

S         Bb        As        Cn       Fe       Zn      Ag 
iD  HOaen         30-46    1916    4-98    80-88    848    3-90    OeONiCoI-Si^OS'SSBanunelsberg. 

(3)  Meiseberg    24*80    86-56    8047    863    BUS  10.48  Pb  0-78=100-00 

(8)  Kottertach28-63     1934    2-84    85-34    0-87    OW    Hg  1727,  Pb  031  Bi  081=100 

T.  Rath. 
Pyr,,  etc. — Differ  in  the  different  Tarietiea.  In  the  olosed  tabe  all  fnse  and  give  a  dark- 
red  Rnblimate  of  antJmonons  sulphide  \  when  containing  mercniy,  a  faint  dark-gray  sabli mate 
appears  at  a  low  red  heat ;  and  if  ranch  arsenic,  a  subtimate  of  arsenous  sulphide  first  forma 
In  the  open  tnbe  [nses,  gives  snlphurous  fnmes  and  a  white  soblimate  of  antimoaj  ;  if 
arsenic  is  present  a  -crystalline  volatile  snblimate  condenses  with  the  antimony ;  if  the 
ore  contains  mennuy  It  condenses  in  the  tabs  In  rainnte  metallic  globules.  B.  B.  on  charcoal 
fanes,  gives  a  coating  of  aatimononB  oxide  and  sometimes  ueenons  acid,  zinc  oxide,  and  lead 
oxide  ;  the  arsenic  may  be  detected  by  the  odor  wben  the  oonting  Is  treated  in  B,F. ;  the 
Eino  oxide  assnmes  a  green  color  when  heated  with  cobalt  solution.  The  roasted  mineral 
gives  with  the  finxea  reactions  for  iron  and  oopper ;  with  soda  yields  a  globule  of  metallio 
copper.  To  determine  the  presence  of  a  trace  of  arsenic  by  the  odor,  it  is  best  to  fose  the 
mineral  on  oharooal  with  soda.     The  preoence  of  meroncy  is  best  aaoertained  by  fusing  tha 
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pnlvetized  ora  In  a  oloMd  tube  with  nboot  three  times  ita  veiKbt  ol  dry  sodk  the  metal 
mblimiiiK  ud  aiadeoaing  in  minnte  globules.     The  silver  it  determlDed  by  capeUation. 

DtGomjKn^  bj  nitric  ftcid,  witb  separation  of  Hulphnr,  and  ontimonoiu  and  arsenoiifl  oxides. 

Obt. — The  Cominh  mines,  near  St.  AusU  ;  at  Andreaaberg  and  L'laiisthal  in  the  Han  ; 
Kremnitz  in  Hongfuy ;  Freiberg  in  Saxony  ;  Pnibr&m  in  Bohemia  -  Kahl  in  SpesaaH ;  Kap- 
Dik  in  Traniijtrania  ;  DUlenburg  in  ^faasan  ;  end  other  localities.  The  ore  containing  mer- 
cot;  occors  in  Kchm  <laJtx,  Kiuigiit7  ;  at  Schwati  in  the  Tyrol ;  and  in  the  Talleya  of  Anginm 
and  Costello  in  Ttucbii;. 

Foand  in  Mexico,  at  Darango,  etc.  ;  at  Tarions  mines  in  Chili  ;  in  Bolivia;  at  Ute  Kellogg 
mines.  Arkansas  ;  at  !fewbnr;port,  Msas.  In  California  in  Maripoea  Co. ;  in  Shasta  Co.  In 
Kevaila,  abundant  at  the  Sbel«  and  De  Soto  mines.  Hamboldt  Co.  ;  near  Arurtin  in  Lander 
Co.;  in  Ariiona  at  the  Heinttelman  mine,  containing  1  ^  p.  e.  of  silvfr ;  at  the  Sana  Rita  mine. 

BlONITE  [BrtiatUj.^A  bismnth  tetrahedrite  from  Cremeni.  Einflschthal,  Switzerland. 

Halinowskite. — A  tetrahedrite  containiag  O-I^  p.  o.  lead,  and  10-13  p.  c  silver.  Diatciot 
of  Bocnay,  Pecn.     (Sth  Append.  Min.,  ChilL) 


^BNNANTITB.    Granknpferen,  Oeitrt. 

leometric ;  holohedral,  Phillips.  Cleavage :  dodecahedral  imperfect. 
TwiiiB  as  in  tetrahedrite.     Massive  forinB  tiiikiiowii. 

TI.=3-5-i.  G.=437-4:53.  Lustre  metallic.  Color  blackish  lead-gray 
to  iroQ-black.     Streak  dark  reddish-gray.     Fractare  uneveo. 

Ooinp.-Xn>ABgS,  (or  4Cn,S-(-ABiai).  with  Cn,  replaoed  in  part  by  Fe,  Agi,  eto.,  aaintetn- 
hedrite,  with  which  it  agrees  in  crratalline  form. 

Pyr — In  the  closed  tube  gives  a  unblimate  of  arsenona  enlphide.  In  the  open  tube  gives 
■nll^urouH  fitmes.  and  a  sublimate  of  arnenons  oxide.  B.B.  on  charcoal  foses  with  intumes- 
cence and  emission  of  aiaenio  and  aulpbar  fumca  t«  a  dark-gray  magnetio  globule.  The 
roasted  mineral  gives  reactions  for  copper  and  Iron  with  the  fluxes;  with  sods  on  chaiooftl 
gives  metallio  oopper  with  iron. 

Oba. — Found  in  the  Cornish  mines.     Also  at  Bkattemd  in  Iforway,  and  in  Algeria. 

JrLlANlTK  (Websky^  is  uear  tennantite.     6.  =512.     Rndelatadt,  flilesia. 

Menkguinitb  has  the  composition  PbiSb,&T(4PbS  +  Sb,a,)=3nlphur  IT'S,  antimony  168, 
lead  e84=IOO.    Besembles  bonlaogerite.     Bottino,  Tuscany  ;  Bchwaneube^,  SaxoD^. 

(/)  Grodp  V.    Formula  I{,(Afl,Sb)sSg=5ES4-(Afl,Sb)A- 
S^BFHAMITB.    Spiodglasen,  Oerm. 

Orthorhombie.  7  A  7  =  IIS"  39',  0  A  1-i  =  132"  32J' ;  i:l:d  =  1-0897 
:  1-5844:1.  Oa  1  =  ISI-Sl',  i9Al-i;  =  145°  34.  Cleav- 
afi^e:  2-i  and  i-l  imperfcet.  Twins:  twinning- plane  // 
forms  like  those  of  aragunite  frequent  Also  massive, 
compact,  and  disseminated. 

lL=3-2-&.      G.=6-269,  Przibram.      Lustre  metallic. 
Color  and  streak  iron-black.    Fracture  uneven. 


Oomp.— AgiShSi  (oiOAg,S-f6biSi]=Su]phur  168,  antimony  IS'S, 
sUver  68-5=100. 

Pyr.  —In  the  oloaed  tnbe  decrepitates,  fnsee,  and  after  long  heating 
gives  a  faint  sublimate  of  ontimouons  sulphide.  In  the  open  tube  fnsea, 
giving  oft  antimonial  fumes  and  snlphurous  oxide.  B.B.  on  ohorcoal 
fuses  witb  projection  of  small  particlea,  coats  the  coal  wilh  antimonous 
oxide,  which  after  long  blowing  is  colored  red  from  oxidiied  silver,  and  a  globole  of  metallio 
silver  is  obtained. 

S^Ue  in  dilute  betted  nitiia  ttoid,  sulphur  and  oxide  of  antimony  being  deposited. 
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Obi. — At  Freibeig  and  elsewhere  in  Saxony ;  at  Przibram  in  Bohemia  ;  in  Hungary  ;  at 
Andreasberg ;  at  Zaoatecas  in  Mexico ;  and  in  Pern.  In  Nevada,  an  abundant  silver  ore  in 
the  Comstock  lode ;  at  Ophir  and  Mexican  mines  in  fine  crystals ;  in  the  Reese  river  and 
Humboldt  and  other  regions.     In  Idaho,  at  the  silver  mines. 

Geocronitb.— Composition  PhftSb^S^  (or 5PbS+SbaS,)= Sulphur  16-7,  antimony  15*9,  lead 
67*4=100  (also  contains  a  little  arsenic).  Color  light  lead-gray.  Sala,  Sweden;  Merido, 
Spain ;  Yal  di  Castello,  Tuscany. 


POLTBASmi. 


Oi-thorhombic,  DesCl.  /A  /  nearly  120°,  O  M  -  121°  30'.  Crystals 
usually  short  tabular  prisms,  with  the  bases  triangularly  striated  parallel 
to  alternate  edges.  Cleavage :  basal  imperfect.  Also  massive  and  dis- 
seminated. 

H.=2-3.  G.=6'214.  Lustre  metallic.  Color  iron-black ;  in  thin  crys- 
tals  cherry-red  by  transmitted  light.  Streak  iron-black.  Opaque  except 
when  quite  thin.     Fracture  uneven. 

Oomp. — ^AgsSbSa  (or  OAgaS+SbsSg).  if  containing  silver  without  copper  or  arsenic,  Sulphur 
14 '8,  antimony  0*7,  silver  95  5=100.  But  with  Aga  replaced  in  part  by  Cua  (ratio  Ag  :  Cu= 
1  :  4  to  1  :  11),  and  Sb  replaced  by  As  (ratio  1  :  1,  etc.). 

Pyr.,  etc. — In  the  open  tube  fuses,  gives  sulphurous  and  antimonial  fumes,  the  latter 
forming  a  white  sublimate,  sometimes  mixed  with  crystaUine  arsenous  oxide.  B.B.  fuses 
with  spirting  to  a  globule,  gives  off  sulphur  (sometimes  arsenic),  and  coats  the  coal  with  anti- 
monous  oxide ;  with  long-continued  blowing  some  varieties  give  a  faint  yellowish- white  coat- 
ing of  zinc  oxide,  and  a  metallic  globule,  which  with  salt  of  phosphorus  reacts  for  copper, 
and  cupelled  with  lead  g^ves  pure  silver. 

Decomposed  by  nitric  acid. 

Obs. — Occurs  in  Mexico ;  at  Tres  Puntos,  Chili ;  at  Freiberg  and  Przibram.  In  Nevada, 
at  the  Reese  mines ;  in  Idaho,  at  the  silver  mines  of  the  Owhyhee  district. 

PoLYAROTRrrK — Isometrio.  Cleavage  cubic.  Malleable.  Comp.  12AgaS+SbsSt.  Wol* 
fach,  Baden. 


BNAROITZI. 


Orthorhombic.  /A  /  =  97°  53',  OM-l  =  136°  37'  (Dauber)  \i:l'.d^ 
0-94510  : 1-1480  :  1.  O  A  l-i  =  140°  20',  (?  A 1  =  128°  35'.  Cleavage :  / 
perfect ;  i-i,  i-i  distinct ;   O  indistinct.    Also  massive,  granular  or  columnar. 

H.=3.  G.=4*43-4-45  ;  4*362,  Kenngott.  Lustre  metallic.  Color  gray- 
ish to  iron-black ;  streak  grayish-black,  powder  having  a  metallic  lustre. 
Brittle.    Fracture  uneven. 

Oomp. — CutAsS4= Sulphur  82*6,  arsenic  19*1,  copper  48*4=100,  usually  containing  also  a 
little  antimony,  and  zinc,  and  sometimes  silver. 

Pyr. — In  the  close*^  tube  decrepitates,  and  gives  a  sublimate  of  sulphur ;  at  a  higher  tem- 
perature fuses,  and  gives  a  sublimate  of  arsenous  sulphide.  In  the  open  tube,  heated  gently, 
the  powdered  mineral  gives  off  sulphurous  and  arsenous  oxides,  the  latter  condensing  to  a 
sublimate  containing  some  antimonous  oxide.  B.B.  on  charcoal  fuses,  and  gives  a  faint  coat- 
ing of  arsenous  oxide,  antimonous  oxide,  and  zinc  oxide ;  the  roasted  minend  with  the  fluxes 
gives  a  globule  of  metallic  copper. 

Soluble  in  nitro-hydrochlorio  aoid* 
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Obs. — From  Morooocha,  Cordilleras  of  Pera  ;  Famatina  Mts..  Argentine  Republic  ;  from 
Chili ;  mines  of  Santa  Anna,  N.  Granada ;  at  Cosihuirachi  in  Mexico  ;  Brewstcr^s  gold  mine, 
Chesterfield  diMtriot,  S.  Carolina ;  in  Colorado  ;  at  Willis's  Gulch,  near  Black  Hawk  ;  southern 
Utah ;  Morning  Star  mine,  Cal. 

Famatinite  {JStdtner). — An  antimonial  enargite.  Massive.  Color  reddish  gray.  Fama- 
tina Mts. ,  Argentine  Bepublic  ;  Cerro  de  Pasca,  Peru. 

Luzon ITE. — Similar  to  enargite  in  compotdtion,  but  unlike  inform,  according  to  Weisbach. 
Mancayan  Island,  Luzon. 

Clakite  {Sandberger) — Also  similar  to  enargite  in  composition,  but  in  form  monoclinic, 
and  having  a  perfect  cleavage  parallel  to  the  clinopinaooid.     Schapbach,  Black  Forest. 

Epigenite.— ComiK)8ition  8  82-24,  As  12-78,  Cu  40  68,  Fe  14 •20=100.  Orthorhombic. 
Color  steel-gngr.     Neugliiok  mine,  Wittichen. 


ooHPOcnse  of  oHLoamE,  bsouinb,  iodine. 


III.  COMPOUNDS  OF  CHLORINE,  BROMINE,  IODINE. 


1.  ANHYDROUS  CHLORIDES,  ETC. 


HAUTB.    COUKOK  SALT.     Eoohrali,  Steinwli,  Oerm. 

Isometric.     Usually  in  cubes;  rarelj  in  octahedrone ;  faces  of  cryBtaU 
sometiniea  cavernous,  as  in  f.  458.     Cleavage  :  cubic, 
perfect.     Massive  and  granular,  rarely- columnar.  458 

n.=2-5.    G.=2-l-2-257.    Lustre  vitreous.   Streak 

white.  Color  white,  also  sometimes  yellowish,  red- 
dish, lilnish,  pnn>lish;  often  colorless.  Ti-ansparent 
— translucent.  Frai^ture  conchoidal.  Rather  brittle. 
SoliiMe;  taete  purely  saline. 

Oomp.— NaCI=Ch]oriiie  00-7,  sodium  89-8=100.     Coxamcmiy 

mixed  wich  some  oaldam  stilphate,  ciUcinm  chloride,  and  mague- 
dnm  cMoride.  and  BometimeB  magneainm  sulphate,  which  rendei 
it  linble  Co  deliqaeace. 

Pyi.  etc.— In  the  closed  tnbe  foaes,  ofteawithdecrepitation;  when  fused  on  the  platlaom 
loop  colors  the  tlome  doep  yellow, 

Diff.— DistinguiEhed  by  its  taste,  solubility,  and  perfect  cabio  cleavag«. 

Obs C'lmmon  salt  occurs  in  exteosivo  bat  irregular  txidB  in  rockn  of  voiions  ogee,  assooi- 

ated  with  g-ypsam,  polybaliM,  oalcite,  olaf ,  and  sandstone ;  also  in  solution,  and  fonning 
salt  springs. 

The  principal  mines  of  Europe  are  at  Wieliczka,  in  Poland ;  at  Hill,  in  the  Tjrol ;  5ta«»- 
fuit.  in  Pranaian  Saxony'  and  along  the  riinge  through  Reichenthal  in  Bavaria,  Hallcin  in 
Salzburg,  HalUtadt,  Ischl.  and  Ebensee.  in  upper  Austria,  and  Anatiee  in  Styria  ;  in  Tiausyl- 
vouia  ;  Wallachia,  Galicia.  and  apper  Silesia  ;  Vic  and  Dienie  in  France  ;  Valley  of  Cardon* 
and  elsewhere  in  Spain,  forming  bills  300  U>  400  feet  high  ;  Bex  in  Switzerland  ;  and  ^orth- 
wich  in  Cbeflbire,  England.  It  also  occnrs  near  Lake  Oroomiab,  tbe  Caspian  Li^e.,  etc.  In 
Algcnu  ;  in  Abyssiola  ;  in  India  in  the  province  of  Lahore,  and  in  the  vaUe;  of  Cashmere ; 
iti  China  and  Asiatic  Russia  '  in  South  Amerioa,  in  Peru,  and  at  Zipaqueni  and  Xemocon. 

In  the  United  States,  salt  has  been  found  forming  beds  with  gypsum,  in  Virg-iiua.  Waah- 
ingtuD  Co.  ;  in  tbe  Salmon  River  MtS.  of  Oregon;  in  Louisiana.  Brine  springs  are  v&ty 
immeruus  in  the  Middle  and  Western  States.  These  springs  are  worked  at  Salina  and  Syra- 
cuse, N.  Y.  ;  in  the  Kanawha  Voile}-,  Va,  ;  Muskingum,  Ohio;  Michigan,  at  Saginaw  and 
elxewhere  ;  and  in  Kentucky.  Vast  lakes  of  salt  water  exist  in  man;  parte  of  the  world. 
Lake  Timponogos  in  the  Rocky  Mountains.  4.SO0  feet  above  the  level  of  the  sea,  now  called 
tbe  Great  Salt  Lake,  is  2,000  squaie  miles  in  area.  L.  Gale  found  in  this  water  20'10a  per 
cent,  of  sodinm  chloride  in  18S2  ;  but  the  greater  rainfall  of  the  last  few  years  has  dimin- 
ished tbe  proportion  of  saline  matter.  The  Dead  and  Caspian  Seas  are  salt,  and  tlie  waters 
of  the  former  contain  20  to  SO  ports  of  solid  matter  in  100  parte. 

HUANTAJAViTB. — Composition  20NaCl4-AgCl.  Oooon  in  white  onbet  in  the  mine  of  Saa 
Simon,  Cerro  da  Hnootajaya,  Pern. 


288  DEscRipnyE  mineralooy. 


STLvrm. 

Isometric.     Cleavage  cubic.     Also  compact. 

H.=2.  G.= 1*9-2.  White  or  colorless.  Vitreous.  Soluble;  taste  like 
that  of  common  salt. 

Oomp. — KC1= Chlorine  47*65,  potassinm  52*85=100.    But  often  containing  impurities. 

Pyr.,  etc. — B.B.  in  the  platinum  loop  fuses,  and  gives  a  violet  color  to  the  outer  flame. 
Added  to  a  salt  of  phosphorus  bead,  which  has  been  previously  saturated  with  copper  oxide, 
colors  the  O.F.  deep  aziire-blue.     Water  completely  dissolves  it. 

Obs. — Occurs  at  Vesuvius,  about  the  fumaroles  of  the  volcano.  Also  at  Stassfurt ;  at  Leo- 
poldshaU  {leopoldUe) ;  at  Kalusz,  Galicia. 

OBRARGTRrm.    Keraigyrite.    Homsilver.    Silberhomerz,  Germ, 

Isometric.  Cleavage  none.  Twins:  twinning-plane  octahedral.  Usually 
massive  and  looking  like  wax;  sometimes  columnar,  or  bent  columnar ; 
often  in  crusts. 

H.=l-l-5.  G.=5-562.  Lustre  resinous,  passing  into  adamantine.  Color 
pearl-gray,  grayish-green,  whitish,  rarely  violet-blue,  colorless  sometimes 
when  perfectly  pure ;  brown  or  violet-brown  on  exposure.  Streak  shin- 
ing. Transparent — feebly  subtranslucent.  Fracture  somewhat  conchoidal. 
Sectile. 

Ooinp.--AgCl=Chlorine  247,  silver  75-8=100. 

Pyr.,  etc. — In  the  closed  tube  fuses  without  decomposition.  B.B.  on  charcoal  g^ves  a 
globule  of  metaUic  silver.  Added  to  a  bead  of  Bait  of  phosphorus,  previously  saturated  with 
copper  oxide,  and  heated  in  O.F.,  imparts  an  intense  azure-blue  to  the  flame.  A  fragment 
placed  on  a  strip  of  zinc,  and  moistened  with  a  drop  of  water,  swells  up,  turns  black,  and 
finally  is  entirely  reduced  to  metallic  silver,  which  shows  the  metallic  lustre  on  being  presKod 
with  the  point  of  a  knife.     Insoluble  in  nitric  acid,  but  soluble  in  ammonia. 

Obs. — Occurs  in  veins  of  clay  slate,  accompanying  other  ores  of  silver,  and  usually  only  in 
the  higher  parts  of  these  veins.  It  has  also  been  observed  with  ochreous  varieties  of  brown 
iron  ore  ;  also  with  several  copper  ores,  with  calcite,  barite,  etc. 

The  largest  masses  are  brought  from  Peru,  Chili,  and  Mexico.  Also  occurs  in  Nicarngna 
nearOcotal;  in  Honduras.  It  was  formerly  obtained  in  the  Saxon  mining  districts  of 
Johanngeorgenstadt  and  Freiberg,  but  is  now  rare.  Found  in  the  Altai ;  at  Kongsberg  in 
Norway ;  in  Alsace ;  rarely  in  Cornwall,  and  at  Huelgoet  in  Brittany.  In  Nevada,  about 
Austin,  Lander  Co.,  abundant ;  at  mines  of  Comstock  lode.  In  Arizona,  in  the  Willow  Springs 
dist. ,  veins  of  £1  Dorado  cafion,  and  San  Francisco  dist.     In  Idaho,  at  the  Poor  Man  lode. 

Named  from  Kt/mg,  horn,  anla(>}i'(x>f,  sUver. 

Calomel  (Quecksilberhomerz,  Oerm.). — Composition  HgCl=  Chlorine  15*1,  mercury  84*9 
=100.     Color  white,  grayish,  brown.     Spain. 

Sal  Ammoniac  (Ssdmiak,  Germ.). — Ammonium  chloride,  NH^Clr: Ammonium  33*7,  chlo- 
rine 66*3=100.     Vesuvius,  Etna,  and  many  volcanoes. 

Nantokite  (Breithaupt).— Composition  CuCl=  Chlorine  35*9,  copper  64*1=100.  Cleavage 
cubic.     Color  white.     Nantoko,  ChilL 

Embolitb.— Ag(Cl,Br) ;  the  ratio  of  CI  :  Br  varying  from  8  :  1  to  1  :  3.  Color  grayish- 
green.     At  various  mines  in  Chili ;  also  Mexico  ;  Honduras. 

Bromyrite,  Bromargyrite  (Bromsilber,  6r<?ry/i.).— Silver  bromide,  AgBr=Bromine  42  0, 
silver  57*4=100.     Color  when  pure  bright  yellow,  slightly  greenish.     Chili ;  Mexico. 

lODYRiTE,  lodargyrite  (lodsilber,  Genn.). — Silver  iodide.  Agl= Iodine  540,  silver  46*0= 
100.     Color  yellow.     Mexico  ;  Chili ;  Spain ;  Cerro  Colorado  mine  in  Arizona. 

Tocobnalite  (Domeyko). — Composition  Agl+HgL  Amorphous.  Color  pale  yellow. 
Chafiorcillo,  Chili 

Chlorocalctte  (Scacchi).— From  Vesuvius,  contained  58  76  p.  c.  CaCU  ;  with  also  KCl, 
NaClMgCla.  Chlorallumikite,  Chlormagnesitb,  and  CnLOBOTnioNrrs  are  also  frcm 
Vesuvius. 
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CoTXTNNiTE.— Lead  cMoride,  PbCl9=Clilorme  25 -5,  lead  74-5=100.     Soft    White.    Vesu- 
vius.    PsKUDOCOTUNNiTE  (Scaochij,  VesuYius. 


HOLTSITB. — Coxnpositiou  FeGl6= Chlorine  65*5,  iron  84*5=100.    Yesuyiua. 


2.  HYDROUS    CHLORIDES. 


OARNAIiLTTB. 

Massive,  granular ;  flat  planes  developed  by  action  of  water,  but  no  dis- 
tinct traces  of  cleavage ;  lines  of  striae  sometimes  distinguished,  which 
indicate  twin-composition. 

Lustre  shining,  greasy.     Color  milk-white,  but  often  reddish  from  mix- 
ture of  oxide  of  iron.     Fracture  conchoidal.     Soluble.    Strongly  phosphor 
escent. 

Oomp. — KMgOl  a.  6aq=KCl+MgGl9  +  6aq= Magnesium  chloride  34*2,  potassium  chloride 
26-9,  water  88-9=100. 

The  brown  and  red  color  of  the  mineral  is  due  partly  to  iron  sesquioxide,  which  is  in  hex- 
agonal tables,  and  partly  to  organic  matters  (water-plants,  infusoria,  sponges,  ete. ). 

Pyr.,  eto. — B.B.  fuses  easily.  Soluble  in  water,  100  parts  of  water  at  18*75^  C.  taking  up 
64*5  parts. 

ObB. — Occurs  at  Stassfurt,  where  it  forms  beds  in  the  upper  part  of  the  salt  formation, 
alternating  with  thinner  beds  of  common  salt  and  kieserite,  and  also  mixed  with  the  common 
salt.  Its  beds  consist  of  subordinate  beds  of  different  colors,  reddish,  bluish,  brown,  deep  red, 
sometimes  colorless.  Sylvite  occurs  in  the  camallite.  Also  found  at  Weuteregehi ;  with  salt 
at  Maman  in  Persia.     Its  richness  in  potassium  makes  it  valuable  for  exploration. 

Tachhydrite.— Compobition  CaMg^Cle  +  12aq=CaCla+2MgCla  +  12aq  (Uamm.)= Chlorine 
40 '8,  magnesium  9*5,  calcium  7*5,  water  42*7=100.  Color  yellowish.  Deliquescent.  Stass- 
furt. 

Kremersfte.— Probably  2NH4Cl4-2KCl+FeCleH-8aq.    Vesuvius. 

ERTTHROSlDEBrTE,  also  from  Vesuvius,  is  2KCl+FeCl6+2aq. 


3.  OXYCHLOEIDES. 


ATACAMTTB. 


Orthorhombic.  I^  /=  112°  20',  O  A 1-5  =  131°  29' ;  c\l\&  =  1*131 
:  1*492  :  1.  Usually  in  modified  rectangular  prisms,  vertically  striated  ;  also 
in  rectangular  octahedrons.  Twins :  twinning-plane  /;  consisting  of 
three  individuals.  Cleavage:  i-i  perfect,  11  imperfect.  Occurs  also  mas- 
sive lamellar. 

ri.=3-3-5.  G.=3;76irKleiii),  3-898  (Zepharovich).  Lustre  adamantine- 
vitreous.  Color  various  snades  of  bright  green,  rather  darker  than  emerald, 
sometimes  blackish-gi*een.  Streak  apple-green.  Translucent — subtrans- 
lucent. 
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Oomp^— CuCla-f  8HaCuOa=Cblorme  16-04,  copper  59*45,  oxygen  11*25,  water  12*66=100. 
Also  other  compounds  with  more  water  (18  and  22^  p.  c). 

Pyr.,  etc. — In  the  closed  tube  gives  off  much  water,  and  forms  a  gray  sublimate.  B.B.  on 
charcoal  fuses,  coloring  the  O.F.  azure-E»lue,  with  a  g^en  edge,  and  giving  two  coatings, 
one  brownish  and  the  other  grayish-white  ;  continued  blowing  yields  a  globule  of  metallic 
copper  ;  the  coatings  touched  with  the  R.F.  volatilize,  coloring  the  flame  azure-blue.  In  acids 
easily  soluble. 

Obs. — Occurs  in  different  parts  of  Ghili ;  in  the  district  of  Tarapaca,  Bolivia ;  at  Tocopilla 
in  Bolivia  ;  with  malachite  in  South  Australia ;  Serro  do  Bembe,  near  Ambriz,  on  the  west 
coast  of  Africa  ;  at  the  Estrella  mine  in  southern  Spain ;  at  St.  Just  in  Cornwall. 

Tallikgite.— Composition  CuCls+4H3CuOa+4aq.  In  thin  crusts.  Color  blue.  Botal- 
lack  mine,  Cornwall. 

Atelitk. — Composition  CuCl9+2HaCu09 -I- aq.     Formed  from  tenorite.     Vesuvius. 

Percylite. — An  oxychloride  of  lead  and  copper.  Occurs  in  minute  sky-blue  cubes. 
Spnora,  Mexico  ;  So.  Africa. 

Matlock ITE.  —Composition  PbCU  -h  PbO = Lead  chloride  55*5,  lead  oxide  44  '5 = 100.  Crom- 
ford«  near  Matlock,  Derbyshire. 

Mendipite— Composition  PbCla-l-2PbO=Lead  chloride  38*4,  lead  oxide  61*6=100.  In 
columnar  masses,  often  radiated.  Color  white.  Mendip  Hills,  Somersetshire;  BriUon, 
Westphalia. 

ScuwABTZEMBEBGiTE.— Composition  Pb(I,Cl)a-f2PbO.  Color  yellow.  Desert  of  Ata- 
cama. 

Daubreite.— Composition  (BisOa)4BiCla=Bia03  7616,  BiCl,  23-84=100.  Amorphous. 
Structure  earthy,  sometimes  fibrous.  Color  yellowish-gray.  H.=2*5.  0.  =6 '4-6  5.  From 
the  mine  Constancia,  Cerro  de  Tanza,  Bolivia  (Domeyko). 


FLITOBINE  OOMPOUND6. 
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IV.  FLUORINE   COMPOUNDS, 


1.  ANHYDROUS  FLUORIDES. 


459 


FLUORITE  or  FLUOR  SPAR.     Fluaspath,  Germ, 

Isometric;  forms  usually  cubic  (see  f.  39,  40,  41,  52,  55,  etc.,  pp.  16 
to  19).  Cleavage  :  octahedral,  perfect.  Twins  : 
twinning-plaue,  1,  f.  266,  p.  91.  Massive. 
Rarely  columnar ;  usually  gmnular,  coarse  or 
fine.  Crystals  often  having  the  surfaces  made 
up  of  small  cubes,  or  cavenious  with  rectangular 
cavities. 

lT.r=4.  G.==3-01-3-25.  Lustre  vitreous  ; 
sometimes  splendent ;  usually  glimmering  in  the 
massive  varieties.  Color  white,  yellow,  green, 
rose,  and  crimson-red,  violet-blue,  sky-blue,  and 
l)rowni :  wine-yellow,  greenish  and  violet-blue, 
most  common  ;  red,  rare.  Streak  white.  Trans- 
parent— subtranslucent.  Brittle.  Fracture  of  fine  massive  varieties  flat- 
conchoidal  and  splintery.  Sometimes  presenting  a  bluish  fluorescence. 
Phosphoresces  when  heated. 

Comp.,  Var. — Calcium  fluoride,  CaFa=Fluorine  48*7,  calcium  51  '3=100.  BerzeUus  found 
0  '5  of  calcium  phosphate  in  the  fluorite  of  Derbyshire.  The  presence  of  chlorine  was  detected 
early  by  Scheele.  Kersten  found  it  in  fluor  from  Marienberg  and  Freiberg.  The  bright 
colors,  as  shown  by  Kenngott,  arc  lost  on  heating  the  mineral ;  they  are  attributed  mainly  to 
different  hydrocarbon  compounds  by  Wyrouboff,  the  crystallization  having  taken  place  from 
a<iueous  solution. 

Var.  Ordinary ;  (a)  cleavable  or  crystallized,  very  various  in  colors ;  (ft)  coarse  to  fine 
granular  ;*  (e)  earthy,  duU,  and  sometimes  very  soft.  A  soft  earthy  variety  from  Ratofka, 
Russia,  of  a  lavender-blue  color,  is  the  ratofkite.  The  finely- colored  fluoritos  have  been 
culled,  according  to  their  colors,  false  ruby,  topaz,  emerald,  amethyst,  etc.  The  colors  of  the 
phosphorescent  light  are  various,  and  are  independent  of  the  actual  color ;  and  the  kind 
affording  a  green  color  is  {d)  the  eJilarophane. 

Pyr.,  etc. — In  the  closed  tube  decrepitates  and  phosphoresces.  B.B.  in  the  forceps  and 
on  charcoal  fuses,  coloring  the  flame  red,  to  an  enamel  which  reacts  alkalinibto  test  paper. 
With  soda  on  platinum  foil  or  charcoal  fuses  to  a  clear  bead,  becoming  opaque  on  cooling  ; 
with  an  excess  of  soda  on  charcoal  yields  a  residue  of  a  difficultly  fusible  enamel,  while  most 
of  the  soda  sinks  into  the  coal ;  with  gypsum  fuses  to  a  transparent  bead,  becoming  opaque 
on  cooling.  Fused  in  an  open  tube  witii  fused  salt  of  phosphorus  gives  the  reaction  for  fluor- 
ine.    Treated  with  sulphuric  acid  gives  fumes  of  hydj:Y>fluorio  acid  which  etch  glass.    PhoBf 
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pborescence  is  obtaiDed  from  the  coarsely  iwwdered  epar  below  a  red  beat.     At  a  high  tem- 
pcratnre  it  censes,  bnt  iR  partlsll;  restored  by  an  electric  discharge. 
Diff. — Recognized  by  its  octaliedcal  deny  age,  its  etching  power  when  heated  in  the  gloss 

Obi.— Sometimes  in  beds,  bnt  generally  in  veins,  in  gneiss,  mica  slate,  clay  slate,  and  also 
in  limestones,  both  cryiitallinc  and  iincryHtnlline.  and  sandttones.  Often  occurs  oe  the  gangne 
of  raelnllic  ores.  In  the  North  of  England,  it  is  the  gangue  of  the  lead  veins.  Id  Derby- 
shite  it  is  abiindnnt.  and  also  in  ComwalL  Common  in  the  mining  district  of  Saxony;  fine 
near  Konpttierg  in  Norwny.     In  the  dolomites  of  St.  Gothaid  it  occnrs  in  pink  octahedrons. 

Some  AnicricDD  localities  are  :  Trumbull  and  Plymouth,  Conn.  ;  Muacolonge  IdUce,  Jefler- 
son  Co.,  X.Y..  in  gigantic  cubes  ;  EosKie,  St.  Lawrence  Co. ;  near  the  Franklin  fnmace,  N.  J.  ; 
Gallatin  Co.,  Ill,;   Thunder  Bay,  Lake  Superior j  Missouri. 

Sei.laitk  iStriiror).— MBKneaiuin  flaoride,  S^F.j.  Tetragonal.  Colorless.  Occnrswith 
anhydrite  at  Gerbulaz  in  Savoy. 

Yttroceii I TE.— Composition  2(0CaP,+2TFi+CeF,)+8aq  (Bamm.).  Color  violet-bine, 
white.     Near  Fahlun,  Sweden  ;  Amity,  N.  Y.  ;  Pari*,  Me.  ;  etc. 

Flvoceritk.— Contains  {BetieliuBi  *eO,  83  »4,  YO  113.     Sweden. 

Fl.nBLLlTB. — Contains  (Wolloston)  fluorine  and  aluminum,     ComwslL 

CK¥pTonAi.iTK.— Plnoailicate  of  ammonium.  Veenvins.  Also  observed  at  Vesuvius, 
hydroflusrUt,  HF,  and  proidonite,  SiF,  (Scocchi). 


ORTOIJIT. 

;  (DcBCloizeanx  and  Webekj).  Form  approacliiiig  vciy  clopely 
in  (uipearance  and  angles  to  the  cube  niid  cnljo- 
octaaedroii  of  Mie  isometric  svetem.  (Jciieral  habit 
RB  ill  f.  4(;0;  P{0)^T{^)=m°  %\  l\0^h2f(l') 
=  90''24',i)/"Ar(/Ay)  =  91°57';aIs<./{J-r)Aj/ 
{/')  =  124°  30',  /  (l-i')  A  T{I)  =  124°  14'  {angles  by 
Websky).  Twins  common.  Cleavnge  parallel  to 
the  three  planes  P,  My  T ;  in  crystals  most  com- 
plete iiarallel  to  T,  in  maspes  pai-allel  to  1'.  Com- 
monly massive,  cleavable. 

1I."=::25.  (T.=2-9-3'n77.  Lustre  vitreons;  slisrhtly 
pearly  on  O.  Color  snow-white  ;  sometimes  i-eddish 
or  bi-ownish  to  lirick-red  and  even  blatk.  Siib- 
ti'aiisparcnt — translucent.  Immersion  in  water  in- 
creasoe  the  transparency.     Brittle. 

Ootnp.— Sa.AlP,,  (or6NaF-l-AlF,)=Aluininuni  13-0,  sodium  32-8,  fluorine  ,M-2-IO0. 

Fyr.,  etc — Fosilile  in  the  flame  of  a  candle.  B.B.  in  the  open  tube  heated  so  that  the 
flame  enters  the  tube,  gives  off  hydrofluoric  add,  etching  the  glass  ;  the  water  which  con- 
denses at  the  upper  end  of  the  tube  reacts  for  fluorine  with  Brazil-wood  {inper.  In  the  for- 
ceps fuses  ver J  ea-'ily,  coloring  the  flame  yellow.  On  the  chorcoal  fuses  eonilj  to  a  clear  bead, 
which  on  cooling  becomes  opaque ;  after  long  blowing,  the  assay  spreads  out,  the  sodium 
flnoride  is  absorbed  by  the  coal,  a  suffocating  odor  of  fluorine  is  given  off,  and  a  cmst  of 
Alumina  rpmaina,  which,  when  heated  with  cobalt  solntion  in  O.F.,  gives  a  blue  color.  Soluble 
in  gnlphnric  acid,  with  evolution  of  hjdrofluoric  add. 

Dllt — Distinguiahed  by  its  extreme  fusibility,  and  its  yielding  hydrofluoric  add  in  the  open 
tube. 

■  Obi.— Occurs  in  a  bay  in  Arksut-flord,  in  West  Greenland,  at  Evigtok,  where  it  constitutes 
a  large  bed  or  vein  in  gneiss.  It  is  used  for  making  soda,  and  soda  and  alumina  salts  ;  also 
in  Pennsylvania,  for  the  manufacture  of  a  white  glass  which  is  a  very  good  imitation  of 

Chioi.ite.— G.=2»l-2-90.  Xa.AlF,  (orSSaF-fAlF.).  CnoDNKFprrK.— G.^a-OI.  Na.AI 
F,D(or4>'nF-i-t^lFo)  Ramm.  The  two  minerals  are  alike  in  physical  characters,  occurring 
in  minute  tetiagonai  pyramids ;  both  from  Uiask. 


FLUOBDIB  COKPOTTNDB. 


3.    HYDROUS    FLUORIDES. 


PAOHNOUTB.    ThoniBeDoIibe. 

Monoclinic,  with   the  lateral   axes   equal    (''cliiio-qnadratic 
biold).   c:i:d  =  1044  : 1  :  1 ;  (7  =  92°  30'.   Prisms  Blender, 
a  little  tapering :    /  horizontally  striated.     Cleavage :  basal 
very  perfect.     Also  inassive,  opal  or  chalcedony-like. 

II.=2-5-4.  G-.=2-929-3  008,  of  crystals.  Lnstre  vitreons, 
of  a  elcavage-face  a  little  pearly,  or  massive  waxy.  Color 
white,  or  with  a  reddish  tinge.     Transparent  to  traiishieent. 

Oomp.— Na,CaiTVIFi,H-2ui.  or  2KaF +2CaF,  4- AIF. -H2aq  =  Flaorine 
G1.28,  alnminnm  13-28,  onldam  1709,  sodium  10-3S,  water  8'1I)=100. 

Pyr.,  «lts, — Fosen  more  esail;  than  ciyolite  to  a  clear  glus.  Tho  macaiTe 
deorepitates  remaikablj  in  tbe  flame  at  a  candle.  In  powdei  easily  decom- 
poBed  bj  sulphnrio  add. 

Oba. — Found  mcnutine:  tlie  uiyolite  of  Gireenland.  and  a  reemlt  of  ito  ' 
alteration.  The  ci^stalH  often  have  an  ochre-colored  coating,  eapeciallj  the 
teiminal  portion;  thej  are  BOmetinieH  qnite  large,  and  bare  much  tile 
appeanmco  at  cryolite.  The  miiierHl  waa  first  described  b;  Knop,  and  though  his  description 
of  the  crystals  does  not  agree  with  that  giveo  above,  there  seems  to  be  no  doubt  that  the 
material  was  the  same,  which  has  since  been  inveatigati'd  by  Magemann  {tlimetric  paehn/^e 
=tliomfenotitf).  Wiihler  {pyroconile)  and  Kcenig.  as  urged  by  the  latter. 

Enop  originally  described  two  varietieH  of  the  mineral,  to  which  he  gave  the  name  pachno- 
lite.  The  variety.  A,  appeared  in  large,  cnboitlal  crystals,  with  cleavagu  planes  parallel  to  the 
faces.  inUicBecting  at  angles  of  approximately  00'.  Theae  cleavage  planes  seemed  to  be  con- 
tinued on  into  the  mass  of  the  cryolite  on  which  the  dyetala  were  implanted.  The  second 
variety,  B.  woa  in  amall  brilliant  crystals,  of  pcismatio  form,  grouped  together  often  in  par- 
allel position  npon  the  cryolite  (hence  the  name,  from  irix"lt /""')■  The  identity  of  the  two 
varieties  chemically  was  shown  by  the  analyses  of  Knop  and  Wiihler.  The  crystals  of  variety 
B,  according  to  Knop,  bad  /a  I:^  81°  24',  etc 

Knop  has  recently  (Jahrb.  Min.,  1676,  849)  suggested  the  possibility  that  the  cryatala  of 
"cryolite,"  upon  which  Webaky  obtained  theonglea  qnoted  on  the  precedii^  page,  were  really 
identical  with  variety  A  of  jxuhnoUtt.  The  raystallogTaphio  relation  of  the  two  spedea  is  not 
yet  clearly  made  out. 

AHKsnTrrE,  Haqeicannttb,  OEARKBurrrE,  all  from  Greealaad  ;  and  Prosofite,  from 
Altenberg. — Fluorine  minerals,  reiat«d  to  those  which  precede,  bnt  whose  exact  nature  is 
not  yet  known. 

Ralstokitij  (Braih) An  hydrous  aluminum  fluoride,  containing  a^  a  little  magnBainm 

»nd  eodinm.     Oaont«  in  minute  regular  octabedroDS  on  the  ciyolite  ftom  Greenland. 


V.  OXYGEN  COMPOnn)S. 


1.  OXIDES  oT  MrTALe  or  the  G\ru>.  Ik»s.  OB  To  Gbocts. 
A,  ASHTl»KOU5  OXIDES.      («)  Pkotoxidks,  EOi>r  R,Of. 


Kfd  C«pp«r  Or. 

lA^>in«trif;   'see  figures  on  p.  17;.      Oeavage:  uctaheiral.      Sometinies 
ceIjcs  lengthf  ned  into  capillary  fc>nnj.     Also 
***  ma?e-ife.  srannlar;  r^-metini-s  eartliv. 

IL=3-3— 1.  G.=5->5-^-l?.  Lcitre  ada- 
maxtinf^  or  ^ nbmelallie  to  earrhy.  G'li t  red, 
'if  varlon^sha-Ii^,  j-.-inii-nlarlv  CK-hineal-red  ; 
octasi'^Dallvtrifiii<ifi-red  l-v  trait jiii-Iite-iii^ht, 
Stn-ak  ievt-ral  .liade*  -.f  i.n.,witiih-re.i,  rtiin- 
iiijf.  Sni'iraiisparem— sntrtn»nslQi.-«it.  Frac- 
turt  t-onc-tfjidai.  uneven.     Entile. 

Oo^k,  Far,— Ca!0=OiTgenT  1-2. copper  R5*=I0n. 

ia  a  Tariety  which  ocxnus  in  capQIur  or  acicslar  cits- 
tallliBrioc'.  tchich  ue  cnb«4  eloiiga:«<i  in  ifap  direciino 
of  th*  octahedral  aiia.  Il  also  cccun  earthy;  Jife 
Ore  iZietftlen  'r'l-fr.i.  i.  Brick -m]  or  re\ldUh -brown 
anJ  canhr.  oft^n  mii<d  with  red  oxide  of  iivn ;  some- 
time*  uearlv  black. 
Pyr,.  •te. — t.'nalteTKd  in  the  closed  tube.     B,  E.  in  the  forcep"  fnfes  and  colore  the  dame 

fnni-.ntlil-sfn^'in;  it  fMt!vitiaii]j  inoi)iten«d  with  bTdrochturic  acid,  the  color  impantd  to  tha 

tlMn«  i*  miiUitMMriij  aznie-blne  from  cnpp«r  chloride.      On  chaicoal  first  blackeiu^  thtn  fnscs. 

Bi>4  U  iiAai»4  to  metallic  copper.     With  the  flaiea  gives  reactions  for  copper  oxide.     Sclubla 

in  owmMitrabfl  hriliochloric  acid. 
ObSf'  Jtiinrm  in  Thuringia  ;  on  Elba,  in  cnbeii :  in  Cornwall ;  in  DeTonahire  :  in  icolated 

'^'.talo.  in  lithofoarirR.  at  Chumj.  ntar  L.Tons.  which  arc  gaDerallv  coaled  with  malacbite. 

Mil,     M  till-.  S</mrrville.  aod  Flemington  copper  mines.  X.  J.  ;  at  Cornwall.  Letianon  Co., 

I'a. ;  in  thn  I<ake  HapKrior  region. 
IlviiB'i'.iri'KlTK  lOeiith}. — A    hydrons  cnprite.      Ocean  in  oiange-jellow  coatings  on 

nifltpi'itite,     t^iniwall,  Lebanon  Co.,  Fa. 

ZSHOTTB.    Bed  ^nc  Ore.     RoUudnketz.  Grnu, 
HfrJiHt'oiial,     Ot\  =  118-  7';  ('  =  1620:^.     In qiiartzf>ids w4th trnncated 
hiiiiiiriitir,  Wild    prismatic   faces   /.     Cleavage:  basal,  eminent;  prismatic, 
H"[n<.-tiriio.-idiKtinct.     L'iinal  in  foliated  grains  or  coarse  particles  and  niaj^ses; 
aWi  {rranii^ar. 

Il,=4-4r(,  (i,=:5-43-5'7.  Lustre  Biibadainantine,  Streak  orange-yel- 
low. Color  deep  red.  also  oratige-yellow.  Traiusluecnt — snbtranslueent. 
I'Vactnr"!  Hnbcoiiclioidnl.     Brittle. 

Conp.~ZnO=' Oxygen  )974,  zinc  B0-3A— 100;  containing  manganeite  as  an  tmenential 
inipiidiunt.  The  red  color  is  dae  probably  to  the  prmenoe  of  mangaoeBe  sesquiozide,  cer- 
tainly not  toacalt"  "- ''- 
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PTt.,  etc — Heated  in  the  closed  tube  blsckeos,  but  on  cooling  resumeB  tlie  original  ooloT. 
B.B.  infuaible;  with  tho  fluxes,  on  the  platinam  wire,  gives  Teactdona  for  mangoneBe,  and  oa 
charcoal  in  R.F.  gives  a  coating  of  linc  o»ide,  yellow  while  hot,  and  white  on  cooling.  The 
coating,  moistened  with  cobalt  solation  and  treated  in  ILF.,  asauines  a  green  color,  dolnble 
in  ooids  without  efCerveseence. 

Oba. — Occurs  with  franklinite  and  also  with  calcite  at  Stirling  Hill  and  Mine  Bill,  Snwez 
Co.,  N.  J. 

Calcoz [14 CITE. —Impure  zindte  (mixed  with  CaCOt,  etc. ).     Stilling  Hill,  N.  J. 

TBHOBITB.    MKLACOKtTB.     Schwanknpferera(Kapferacliwiirie),  Otrm. 

Oi-tliorli«irnbic  (teiiorite),  crystals  ftum  Vesui'iiis.  Eartliv ;  massive ; 
pulverulent  (uielttcoiiite);  also  in  shining  Hexible  scales;  also  rarely  in 
ciiles  with  truncated  angles  (jiseudoniorphoiia!). 

II.=3.  G.=0'a5,  massive  (Whitney).  Lustre  metallic,  and  color  steel  or 
imn-^jray  when  in  thin  scales ;  dull  and  earthy,  with  a  black  or  grayisli- 
black  color,  and  ordinarily  soiling  the  fingei'S  when  massive  or  pulverulent. 

Oomp.— CnO=Oirgen  2015,  copper  7»-85=100 

Pyr.,  etc.— B.B.  in  O.F.  infusible ;  otltei  reactiona  aa  for  cuprite  (p.  244).  Soluble  in 
hydrochloric  and  nitric  acids. 

Obs. — Found  on  lava  at  VemTins  in  minute  scales;  and  oUo  pnlvemlent  {Scaochi,  who 
uses  the  name  melaconise  for  the  mineral).  Common  in  the  earthy  form  [mtlleonite)  about 
copper  mines,  as  a  result  of  the  decompoaitiott  of  chnlcopyrite  and  other  copper  ores.  Duck- 
town  mines  in  Tennesftee,  and  Keweenaw  Point,  L.  Superior. 

PRHIOLABITK — Easentially  magnesium  oxide,  MgO,  or  more  exactly  (Mg-,Fe)0,  wher« 
Mg  :  Fo=20  :  1,  or  30  :  1.     Mt.  Somma. 

BuHBENiTE. — NiO.  Found  at  Johanngeorgenatadt.  The  compound  MnO  has  been  found 
recently  in  Wermland,  in  manses  of  a  green  color,  and  with  cubic  cleavage.     (Blomstrnnd.) 

HASaicer  (Bleigliitte;.— PbO,  but  generallj  impure.  Badenweiler,  Baden.  Mexico. 
Austin's  mines,  Va. 

Htduabotkitb.— HgO ;  with  Boudohite,  AgCl  +  HgCl,  at  Los  Bordos,  Cliili 


{b)  Sesquioxides.    General  Formula  iiOg. 
OORDNDUM. 

Ehornbohedral.  7?  A  i?  =  86°  4',  (9  a  1(^  =  I 
echarof) ;  c  =  1-368.  Cleavage :  baeal,  some- 
times perfect,  but  interrupted,  commonly  im- 
perfect in  tlie  blue  variety;  rhombohedral, often 
perfect.  Large  crystals  usually  rough.  Twins: 
com  posit  ion -face  Ji,  Also  massive  graunlar  or 
impalpable;  ofteu  in  lajere  from  composition 
pamllel  to  li. 

II.=9.  G.=3-909-416.  Lustre  vitreons ; 
sometimes  pearly  on  the  basal  planes,  and  occa- 
sionally exhibiting  a  bright  opalescent  star  of 
six  rays  in  the  direction  of  the  axis.  Color  blue, 
red,  .yellow,  brown,  gray,  and  nearly  white; 
streak  uncolored.  Transparent— translucent. 
Fiacture  conchoidal  —  uneven.  Exceedingly 
tough  when  comiwct. 

Oomp.,  Var.— Pure  alnniina  A10i=0xygen  40-8,  olmninnm  S8'2=100.      There  an  three 
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T^ffurdtc.  at*  CiKUKm  «;«wa«* :   utt  viK'Jt.  vsiuLLj  (i:fi«r  uxirj  -l  jnzcx  suL  sac*  a!  es7BEkl£a»- 
tk«j  or  titiTu.  .^tLr%, 

biu*  U^  J^rty.  yrvwi..  ait's  *ju*ci:.     Ti**  '.rirauu  fcd»=;.ki.T:iiit  ^tkz  frcia  Ixscu 


QCUfES   -^f^^ 


bbck  ^ith-'^nLUjihd  irtjSi  or*,  '■■hicij  it  w»*  i'A:^  o«xasid*r*c  tc  l*.     Tbert  ut  C2kd&'iccd>  frtia  lie 
ii  the  c**^  with  p«it  of  tiiat  st  f.1*<^r.  Kai.M*ti;Ti!6*t>L 


Pyr^  etc- — B  B.  nJLjJverwi  ;  fcloTrlj  diMwi-lT'-c  ir.  V.tu:  uid  ah  of  i.b'HqbTro*  t»c-  a 
glan.  which  is  c^IotI-a*  vfa«ii  frw:  froiL  ir  vi; :  i^vi  averted  t^^jc  bj  b>>iiL  Tbe  ±sifc:T  pcZntziawi 
mixuml.  utter  ht^tuj^  *»r;t.b  o'>A2t  svlu^iii'o,  riT«  a  ff^swuJii;  U-*  ciC.r.  y«  feAc4 
upon  bj  acidn,  but  ooijverteid  iiiV/  a  *o;a'j>:  «/n.p<K:i»d  br  fus-i's  m-hii  f»:^tA»rcm  :jd«^'j<ikAS« 
or  M>da.  Fhctioci  «xcitA«  elt^^rkstj.  au<d  ii.  poLfei^ed  ifptbLinsesj^  zia  ^'jti^siic^  aisz»csiai:  coei- 
tiooef^  for  a  cf/udd'^r^hii:  leiticxh  of  tin**:. 

IXSr— Dljftiii^ijihed  bj  it^  hardi^idL  tca,u±zz^  qnaru  and  &>paz  :  in  isfusbiiixx  cad  its 
hi^  specific  gravitj. 

Obal — Thii»  fyedL<tB  U  aMociat«d  with  crri^jJIine  rodiu.  ae  ^lan^lar  lii3i€#:<*s«  r.r  dcJo&i&e« 
gneiMS.  granitf;.  tuica  tbtXe.  chioriU:  KlaU;.  Th«  feae  feiapphij«ft  art  usmlLj  ol^Ahnd  froun  the 
bedif  of  rii-erM.  <;ither  in  modified  hexat^oca]  prinuie  or  in  roikd  mawcs.  CiCLrioii&rJed  bj  rrains 
of  magncrtic  iron  on!;,  and  eererad  t^pecifrs  of  g«fmiL  The  emcsj  of  A<da  11  izi*:?.  acec-fuing  to 
Dr.  Smith,  oocon  in  granular  lim«t^u>z.«. 

Sapphires  oocnr  in  Ceyhm ;  th«  Esktsi  Indiet ;  China  rofmndnm.  at  St.  Gothard :  in  Pied- 
mont ;  Urabf ;  Bohemia.  Emerj  is  found  in  large  boaldezs  on  tome  of  the  Grecian  islands ; 
a>y>  in  Asia  Minor,  iiear  Ephetnus  etc.  In  X.  Am^ri<:a.  in  MntiM^hmt^V*.  at  Chester,  ooron- 
dam  and  emeiy  in  a  large  rein ;  al«o  in  Westcherter  Co..  X.  Y.  In  3Vtf  York^  at  Warmici 
and  Amitj.  In  PettftJiylr^titia.  in  Delawaire  Co..  and  Che«t«r  Co.  In  western  X.  Orrotina^ 
at  many  localitieii  in  iaxg*^  qoantitieif.  amd  sometimes  in  crystals  of  inunense  siie.  In  Gforyia^ 
in  Chen^kee  Co.  In  CaU/onda,  in  Los  Angeles  Co. ;  in  the  grarel  on  the  Upper  ~" 
AiTer  in  Montana. 


H  HM ATATH.    Specular  Iron.    Eisengianz,  Botheisenen,  Germ. 

RhoiiilxihcHlral  JlAll  =  SC,^  10',  OA.Ii  =  122-  30':  c  =  1-3591. 
0/  y2  =  IIH'  53',  OaV=  103^  32,  i? /  f-2  =  154'^  2'.  Cleavage :  par- 
allel U}  Ii  and  O;  often  iudistinct.     Twius:  t winning-plane  R :  also  O 
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Elba. 


Elba. 


Vesuvius. 

(F.  207,  \).  91).  Alw>  columnar — granular,  botrj'oidal,  and  stalactitic  shapes ; 
hIho  laincillar,  laniiniu  joined  parallel  to  O^  and  variously  bent,  thick  or 
thin ;  ako  gruuular|  friable  or  compact. 
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H.=5*5-6*5.  G.=4:*5-5-3;  of  some  compact  varieties,  as  low  as  4*2. 
Lustre  metallic  and  occasionally  splendent ;  sometimes  earthy.  Color  dark 
steel-gray  or  iron-black ;  in  very  thin  particles  bk)od-red  by  transmitted 
light ;  when  earthy,  red.  Streak  cherry-red  or  reddish-brown.  Opaque, 
except  when  in  very  thin  laminae,  which  are  faintly  translucent  and  blood- 
red.  Fracture  subconchoidal,  uneven.  Sometimes  attractable  by  the 
maguet,  and  occasionally  even  magnetipolar. 

Comp.,  Var. — Iron  sesquioxide,  FeOa= Oxygen  30,  iron  70=100.  Sometimes  containing 
titanium  and  magnesium. 

The  varieties  depend  on  texture  or  state  of  {aggregation,  and  in  some  cases  the  presence  of 
impurities. 

Var.  1.  Specular,  Lustre  metallic,  and  crystals  often  splendent,  whence  the  name  specular 
iroji.  {b)  When  the  structure  is  foliated  or  micaceous,  the  ore  is  called  micaceous  hematite 
(Eisenglimmer).  2.  Compact  c-olumnar  ;  or  iabxoMS.  The  masses  of  ten  long  radiating  ;  lustre 
submetallic  to  metallio  ;  color  brownish-red  to  iron-black.  Sometimes  called  r.  d  heniattte^ 
the  name  hematite  among  the  older  mineralogists  including  the  fibrous,  stalactitic,  and  other 
solid  massive  varieties  of  this  species,  limonite,  and  turgite.  3.  Med  OcJireoun.  Red  and 
earthy.  Often  specimens  of  the  preceding  are  red  ochreous  on  some  parts.  Ileddle  and  nd 
cludJc  are  red  ochre,  mixed  with  more  or  less  clay.  4.  Chiy  Iron-stone  ;  Argillaceous  htjnatite. 
Hard,  brownish-black  to  reddish -brown,  heavy  stone ;  often  in  part  deep-red  ;  of  submBtallic 
to  unmetallic  lustre  ;  and  affording,  like  aU  tjie  preceding,  a  red  streak.  It  consists  of  iron 
•  sesquioxide  with  clay  or  sand,  and  sometimes  other  impurities. 

Pyr.,  etc. — B.B.  infusible;  on  charcoal  in  fl.F.  becomes  magnetic;  with  borax  in  O.F. 
gives  a  bead,  which  is  yellow  while  hot  and  colorless  on  cooling ;  if  saturated,  the  bead 
appears  red  while  hot  and  yellow  on  cooling ;  in  R.  F.  gives  a  bottle-green  color,  and  if  treated 
on  charcoal  with  metallic  tin,  assumes  a  vitriol-green  color.  With  soda  on  charcoal  in  R.F. 
is  reduced  to  a  gray  magnetic  metallic  powder.     Soluble  in  concentrated  hydrochloric  acid. 

Diff. — Distinguished  from  magnetite  by  its  red  streak,  also  from  limonice  by  the  same 
means,  as  well  as  by  its  not  containing  water ;  from  turgite  by  its  greater  hardness  and  by 
its  not  decrepitating  B.B.     It  is  Jtard ;  and  inftmdle. 

Oba. — This  ore  occurs  in  rocks  of  all  ages.  The  specular  variety  is  mostly  confined  to  crys- 
talline or  metam Orphic  rocks,  but  is  also  a  result  of  igneous  action  about  some  volcanoes,  as 
at  Vesuvius.  Traversella  in  Piedmont ;  the  island  of  Elba,  afford  fine  specimens ;  also  St. 
Gothard,  often  in  the  form  of  rosettes  {Eisenrose,^  and  Cavradi  in  Tavetsch ;  and  near  Limoges, 
France.  At  Etna  and  Vesuvius  it  is  the  result  of  volcanic  action.  Arendal  in  Norway,  Long- 
ban  in  Sweden,  Framont  in  Lorraine,  Dauphiny,  also  Cleator  Moor  in  Cumberland,  are  other 
localities. 

In  N.  Ametiea^  widely  distributed,  and  sometimes  in  beds  of  vast  thickness  in  rooks  of  tho 
Archaean  age,  as  in  the  Marquette  region  in  northern  Michigan ;  and  in  Missouri,  at  the  Pilot 
Knob  and  the  Iron  Mtn. ;  in  Arizona  and  New  Mexico.  Some  of  the  localities,  interesting 
for  their  specimens,  are  in  northern  New  York,  etc. ;  Woodstock  and  Aroostook,  Me. ;  at 
Hawley,  Mass. ;  at  Piermont,  N.  H. 

This  ore  affords  a  considerable  portion  of  the  iron  manufactured  in  different  countries.  The 
varieties,  especially  the  specular,  require  a  greater  degree  6f  heat  to  melt  than  other  ores, 
but  the  iron  obtained  is  of  goo<l  quality.  Pulverized  red  hematite  is  employed  in  polishing 
metals,  and  also  as  a  coloring  material.  The  fine-g^rained  massive  variety  from  England 
(bloodstone),  showing  often  beautiful  conchoidal  foacture,  is  much  used  for  burnishing  metals. 
Red  ochre  is  valuable  in  making  paint. 

MARTrrE  is  iron  sesquioxide  under  an  isometric  form,  occurring  in  octahedrons  or  dodeca- 
hedrons like  magnetite,  and  supposed  to  be  pseudomorphous,  mostly  after  magnetite.  H.  = 
«-7.  G.  =4 -809-4 -8:32,  BrazU,  Breith. ;  5  33,  Monroe,  N.  Y,,  Hunt.  Lustre  submetallic. 
Color  iron-black,  sometimes  with  a  bronzed  tarnish.  Streak  reddish-brown  or  puri)lish-brown. 
Fracture  conchoidal.  Not  magnetic,  or  only  feebly  so.  The  crystals  are  sometimes  imbed- 
ded in  the  massive  sesquioxide.  They  are  distinguished  from  magnetite  by  their  red  streak, 
and  very  feeble,  if  any,  action  on  the  magnetic  needle. 

Found  in  Vermont  at  Chittenden;  in  the  Marquette  iron  region  south  of  L.  Superior; 
Bass  lake,  Canada  West ;  Digby  Neck,  Nova  Scotia ;  at  Monroe,  N.  Y. ;  in  Moravia,  near 
Schonberg,  in  granite. 

MBNACOANITZI.    Ilmenite.     Titanic  Iron  Ore.     Titaneisen,  Germ, 

Rhombohedral  j  tetartohedml  to  the  hexagonal  type.    Ji  Ali  =  SS"*  30' 
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56"  (Koksch.),  c  =  1*38458.     Angles  nearly  as   in   hematite.      Often    a 

cleavage  parallel  with  the  terminal  plane,  bnt 
probably  due  to  planes  of  composition.  Crystals 
usually  tabular.  Twins:  twinning-plane  0\ 
sometimes  producing,  when  repeated,  a  form 
resembling  f.  468.  Often  in  thin  plates  or 
laminai ;  massive ;  in  loose  grains  as  sand. 

H.=5-6.  G.=4*6-5.  Lustre  snbmetAllic. 
Color  iron-black.  Streak  submetallic,  powder 
black  to  brownish-red.    Opaque.     Fracture  con- 

choidal.   Influences  slightly  the  magnetic  needle. 

Oomp.,  Var. — (Ti,Fe)90a  (or  hematite,  with  part  of  the  iron  replaced  by  titanium),  the  pro- 
I>ortion  of  Ti  to  Fe  varying.  Mosander  assumes  the  proportion  of  FeO  :  TiOa  to  be  alwayH 
1:1,  and  that  in  addition  variable  amounts  of  FeOs  are  present  in  the  different  varieties. 
The  extensive  investigations  of  Rammelsberg  have  led  him  to  write  the  formula  like  Mosan- 
der  (FeO,TiO,)-|-nFeO.  (notice  here  that  FeO,TiOj=ftO,).  This  method  has  the  advantage 
of  explaining  the  presence  of  the  magnesium,  occurring  sometimes  in  considerable  amount,  it 
replacing  the  iron  (FeO).  The  first  formula  given  requires  the  assumption  of  Mg-jOs.  Friedel 
and  Gufrin  have  recently  discussed  the  same  subject  (Ann.  Ch.  Phys,,  V.,  viii.,  88,  187(5). 

Sometimes  contains  manganese.     The  varieties  recognized  arise  mainly  from  the  proportions , 
of  iron  to  titanium.     No  satisfactory  external  distinctions  have  yet  been  made  out. 

The  following  analyses  wiU  illustrate  the  wide  range  in  composition : 


TiO, 

1.  IlmenMts.,/^^»^  40-92 

2.  Snarum  10  02 
8.  Warwick,  N.  Y.         57-71 


FeOa 
10-74 
77-17 


FeO  MnO  MgO 

37-86  2-73        114=99-39,  Mosander. 

8-52  1-33,  AlO,  1-46 =98-50,  Ramm. 

26-82  0-90  13-71=99-14,  Ramm. 


r.,  etc. — B.B.  infusible  in  O.F.  although  slightly  rounded  on  the  edges  in  R.  F.  With 
borax  and  salt  of  phosphorus  reacts  for  iron  in  O.F. ,  and  with  the  latter  flux  assumes  a  more 
or  less  intense  brownish-red  color  in  R.F. ;  this  treated  with  tin  on  charcoal  changes  to  a 
violet-red  color  when  the  amount  of  titanium  is  not  too  small.  The  pulverized  mineral, 
heated  with  hydrochloric  acid,  is  slowly  dissolved  to  a  yellow  solution,  which,  filtered  from 
the  nndecomposed  mineral  and  boiled  with  the  addition  of  tin-foil,  assumes  a  beautiful  blue 
or  violet  color.     Decomposed  by  fusion  with  sodium  or  potassium  bisulphate. 

Diff. — Resembles  hematite,  but  has  a  submetallic,  nearly  black,  streak. 

ObB. — Some  of  the  principal  European  localities  of  this  species  are  :  Krageroe,  Egersund, 
Arendal,  Norway;  Uddewalla,  Sweden  ;  Dmen  Mts.  {Umenite) ;  Iserwiese,  Riesengebirge  {uter- 
ine) ;  Aschaffenburg ;  Eisenach ;  St.  Cristophe  {crichtonite). 

Occurs  in  Warwick,  Amity,  and  Monroe,  Orange  Co.,  N.  T. ;  also  near  Edenville ;  at  Ches- 
ter and  South  Royalston,  Mass.  ;  at  Bay  St.  Paul  in  Canada;  also  with  labradorite  at  Chateau 
Richer.    Grains  are  found  in  the  gold  sands  of  Calif orma. 


Isometric,  Rose  (fr.  Ural).  Habit  cubic,  with  secondary  planes  incom- 
pletely developed ;  in  cubes,  octahedrons,  and  cubo-octahedrons,  from 
Arkansas.  Twins:  twinning-plane  octahedral,  Magnet  Cove,  Ark.;  also 
like  f .  276,  p.  93,  Achmatovsk.  Cleavage :  parallel  to  the  cubic  faces 
rather  perfect. 

11.  =  5*5.  G.=:4'02-4'04.  Lustre  metallic — adamantine.  Color  pale 
yellow,  honey-yellow,  orange-yellow,  reddish-brown,  grayish-black  to  iron- 
black.    Streak  colorless,  grayish.    Transparent  to  opaque.     Double  refract- 


ing. 
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Oomp (Ca+Ti)0,=ftOa=Titanic  oxide  59'4,  lime  40-6=100. 

Pyr.,  etc. — In  the  forceps  imd  on  charcoal  infusible.  With  salt  of  phosphoms  in  O.F.  dis- 
Bolves  easily,  giving  a  bead  greenish  while  hot,  which  becomes  colorless  on  cooling ;  in  R.  F. 
the  bead  changes  to  grayish -green,  and  on  cooling  assumes  a  violet-blue  color.  Entirely  de- 
composed by  boiling  sulphuric  acid. 

Obs. — Occurs  at  Aohmatovsk  in  the  Ural ;  at  Scheellngeu  in  the  Eaisersthul ;  in  the  valley 
of  Zennatt ;  at  Wildkreuzjoch  in  the  Tyrol.     Also  at  Magnet  Cove,  Arkansas. 

DesCloizeaux  has  found  that  the  yellow  crystals  from  Zermatt  have  a  complex  twinned 
structure,  and  are  optically  biaxial.  Kokscharof,  in  his  latest  investigntions,  has  shown  that 
the  Russian  specimens  also  exhibit  phenomena  in  polarized  light  anal>>gous  to  those  of  biaxial 
crystals,  though  irregular.  He  proves,  however,  that  crysttdlographically  the  crystals  ex- 
amined by  him  were  unquestionably  isometric,  and  adds  also  that  almost  all  the  Russian 
l)erofskitc  crystals  are  penetration -twins.  The  latter  fact  explains  the  commonly  observed 
striations  on  the  cubic  planes,  as  also  the  incomplcsteness  in  the  development  df  the  other 
forms.  He  refers  the  optical  irregularities  to  the  want  of  homogeneity  in  the  crystals.  Des- 
Cloizeaux speaks  of  inclosed  lamellae  of  a  doubly-refracting  substance  analogous  to  the  para- 
site in  boracite  crystals  (p.  154). 

Hydrotitanite. — A  decomposition-product  of  perofskite  crystals  from  Magnet  Cove, 
Arkansas.     Form  retained  but  color  chsuiged  to  yellowish-gray  (Kosnig). 


(c)  Compounds  op  Protoxides  and  Sesquioxides,*  RftO^(or  RO  +  ftOj). 

Spinel  Group.     Isometric  {Octahedral). 

SPINEL. 

Isometric.     Habit  octahedral.     Faces  of  octahedron  sometimes  couvex. 
Cleavao^e  :  octahedral.     Twins :  twinning-plane  1. 

II.  =  8.  G.=3'5-4'l.  Liisti-e  vitreous;  splendent — 
nearly  dull.  Color  red  of  various  shades,  passing  into 
blue,  green,  yellow,  brown,  and  black;  occasionally 
almost  wliite.  Streak  white.  Transparent — nearly 
opaque.     Fracture  conchoidal. 


471 


Oomp.,  Var. — The  spinels  proper  have  the  formula  MgA104(=MgO 
-h  AIO3),  or  in  other  words  contain  chiefly  magnesium  and  aluminum, 
with  the  former  replaced  in  part  by  iron  (Fe),  calcium  (Ca),  and  man- 
ganese (Mn) ;  and  the  latter  by  iron  (Fe).  There  is  hence  a  grada- 
tion into  kinds  containing  little  or  no  magnesium,  which  stand  as 
distinct  species,  viz.,  HtrcifniU  and  Oahnite,  MgA104= Alumina 
72,  magnesia  28=100. 

Var.  1 .  Ruby,  or  Magnesia  Spinel.  — Clear  red  or  reddish ;  transparent  to  translucent ; 
sometimes  subtranslucent.  G.  =3  •52-3 '58.  Composition  MgAlO^,  with  little  or  no  Fe,  and 
sometimes  chromium  as  a  source  of  the  red  color.  2.  Ceylo?iite,  or  Iron-Magnesin  Spind. 
Color  dark-green,  brown  to  black,  mostly  opaque  or  nearly  so.  G.  =3 '5-3 '6.  Composition 
MgA:l0i4- FeMOi.  Sometimes  the  Al  is  replaced  in  part  by  Fe.  3.  IHcotite.  Contains  over 
7  p.  c.  of  chromium  oxide.  Color  black.  Lustre  brilliant.  Q.  =4*08.  The  original  was 
from  a  rock  occurring  about  L.  Lherz,  called  Lherzdite. 

P3nr.,  etc. — B.B.  alone  infusible;  the  red  variety  turns  brown,  and  even  black  and 
opaque,  as  the  temperature  increases,  and  on  cooling  becomes  first  greefti,  and  then  nearly 
colorless,  and  at  last  resumes  the  red  color.  Slowly  soluble  in  borax,  more  readily  in  salt  of 
phosphorus,  with  which  it  g^ves  a  reddish  bead  while  hot,  becomiug  faint  chrome-green  on 


*  The  compounds  here  considered  are  sometimes  r^;arded  as  salts  of  the  adds,  H2iK>49 
that  is,  as  aluminates,  ferritea,  eto.  ^ 
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cooling.  The  bUok  Tsrietiei  gire  leactioiiB  for  iron  with  the  flaxes.  Soluble  with  difficultf 
in  coccentraUd  snlpboric  acid.     Decomposed  bj  tnsioa  with  sodium  oi  potomium  bisnlph&te. 

DtS. — UiHtiizi^ii^ed  bj  ita  octahedral  form,  hordnesa.  and  infiuibilitj ;  magnetite  is 
•ttracled  by  the  magnet,  and  lituon  ba«  a  higher  specific  grnvitj. 

Ob*. — Kpinel  occurs  imbedded  in  granular  limeatoue,  and  with  caluite  in  serpentine,  gneiH, 
and  allied  rocks.  It  also  occupies  the  cavities  of  masses  ejected  from  some  volcanoes,  e.g., 
Ht.  Somma.         , 

Fine  spinels  are  found  in  Ceylon;  in  Siam,  as  rolled  pebillea  in  the  channels  of  rivera. 
Uocnr  at  Akur  in  Bweden  ;  also  at  Monzoni  in  the  Fossathal. 

From  Aniitf,  N.  Y.,  to  Andover,  N.  J.,  a  distance  of  about  30  miles,  is  a  region  of  grannlal 
limestone  and  serpentine,  in  which  localities  of  spinel  abound  ;  numerous  aboat  Warwick, 
•nd  at  Monroe  nnd  Cornwall.  Franklin,  Sterling,  Sparta,  Hajjibnrgh,  and  Vernon,  S.  J., 
are  other  localities.     At  Antwerp,  Jefferhon  Co..  >'.  Y. ;  at  Bolton  and  elsewhere  in  Maaa. 

Hkhc-Tn-tte.— FeAlO,  (or  FeO+AIO,).      Color  black.     Massive.      Bohemia. 

jACoaBiTB  (/tanifur).— KHO,,  or  (Mn.Mg)  (i^e.MiiiO..  Color  deep  black.  Oconia  in  dia- 
torted  octahedrons  (magnetic^  in  a  crystaUine  limestoua  at  Jaoobaberg,  Bweden. 


OAHNim.    Zino  Spinel. 

Istmiutnc.     In  octahedrom,  "lodccaheOrons,  etc.,  like  Bpiiiel. 

II.=7'5-S.  (i.=4-4'ti.  I.iistrc  I'itrouiis,  or  somevrhat  greasy.  Color 
dark  jirceii,  grajisli-greeii,  deep  leek-gieen,  greenish- black,  bluish- black, 
jflllowiBli-  or  grayish- brown ;  streak  grayish.     Subtransluceut  to  opaque, 

Oomp.,T>r. — ZnAIO,= Alumina  01 '3,  oiideof  zi 
The  line  sometimes  replaced  in  small  iiort  by  n 
in  port  liy  iron  (i'e). 

Var.  I.  Aidmn/ililt.  at  Zine  QahniU ;  with  sometimes  a  little  iron.  Q.=4-l-4'0.  Coloraas 
alKtvo  given.  3.  Ityidatte,  or  Zine-.}fiiiigiinc»(-Jron  Gahnitt.  Composition  (Zn.Fe.SIn) 
(Al,fojUi.  Color  yellowish-brown  or  grayish-brown.  Q.=i-i-<i.  Form  the  octahedron,  or 
the  same  with  truncated  edges.  3.  Kreittunite,  or  ZtiK-fron  OahniU.  Composition  (Zn, 
Fe,HK)[A:l,Ke,0,.  Ocean  in  ciyi^tals,  and  granular  massive.  H.=T-8.  a.=4'48-4'tAI. 
Color  velvet  to  greeuish-black;  powder  grayish- green.     Opaque. 

Pyin  ate—Gives  a  coating  of  linc  oiide  when  treated  with  a  mixture  of  borax  end  aoda 
on  charcoal,     Otlierwiae  like  spinel. 

Oba. — A  'tlomuiilc  is  found  at  Fnhliin,  Bweden ;  Franklin,  N.  Jersey ;  Canton  mine,  Qa. ; 
Dgiluile  at  Bterling,  N.  J.  ;  KrtiUomte  at  Bodenmus  in  Bavaria. 


MAOHBTITB.    Hagnetio  Iron  Ore.     lUagneteiseuBtein,  Uagneteisenen,  Oerm. 
Isoineti'tc.     The  octahedron  and  dodecahedron  the  most  common  forms. 


Aohmatovsk.  Haddam. 

Ib  a  •distorted  dodecaiiedrou.    Cleavage:  octahedral,  perfect  to 
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imperfect.  Dodecahedral  faces  commonly  striated  parallel  to  the  lono^er 
diagonal.  Twins :  twinning-plane,  1 ;  also  in  dendrites,  branching  at  angles 
of  60°  (f.  277,  p.  93).  Massive,  structure  granular — particles  of  various 
sizes,  sometimes  impalpable. 

H.=5-5-6-5.  G.=i'9-!j'2.  Lustre  metallic — submetallic.  Color  iron- 
black  ;  streak  black.  Opaque ;  but  in  mica  sometimes  transparent  or 
nearly  so ;  and  varying  irom  almost  colorless  to  pale  smoky-brown  and 
black.  Fracture  subconchoidal,  shining.  Brittle.  Strongly  magnetic, 
sometimes  possessing  polarity. 

Comp.,  Var.— FeFe04  (or  Fe.04)=FeO+FeOa=Oxygen  27*6,  iron  72-4=100  ;  or  iron  ses- 
qnioxlde  68*97,  iron  protoxide  31*03=100.  Tiie  iron  sometimes  replaced  in  small  part  by 
ma^neHiam.     Also  sometimes  titaniferous. 

From  the  normal  proportion  of  Fe  to  Fe,  J  :  1,  there  is  occasionally  a  wide  variation,  and 
thus  a  gradual  passage  to  the  sesquioxide  FeOs ;  and  this  fact  may  be  regarded  as  evidence 
that  the  octahedral  FcOa,  martite,  is  only  an  altered  magnetite. 

Pyr.,  etc. — B.B.  very  difficultly  fusible.  In  O.F.  loses  its  iniluence  on  the  magnet  With 
the  fluxes  reacts  like  hematite.     Soluble  in  hydrochloric  acid. 

Diff. — Distinguished  from  other  members  of  the  spinel  group,  as  also  from  garnet,  by  its 
being  attracted  by  the  magnet,  as  well  as  by  its  high  specific  gravity.  Also,  when  massive, 
by  its  black  streak  from  hematite  and  limonite. 

Obs. — Magnetite  is  mostly  confined  to  crystalline  rocks,  and  is  most  abundant  in  metamor- 
phic  rocks,  though  found  also  in  grains  in  eruptive  rocks.  In  the  Archaean  rocks  the  beds  are 
of  immense  extent,  and  occur  under  the  same  conditions  aK  those  of  hematite.  It  is  an  ingre- 
dient in  most  of  the  massive  variety  of  corundum  called  emery.  The  earthy  magnetite  is 
found  in  bogs  like  bog-iron  ore. 

Extensive  deposits  occur  at  Arondal,  Norway  ;  Dannemora  and  the  Tiiberg  in  Smaoland; 
in  Lapland.     Fahlan  in  Sweden,  and  Cornica,  afford  octahedral  crystals. 

In  N.  America,  it  constitutes  vast  beds  in  the  Archsean,  in  the  Adirondack  region,  in 
Northern  N.  York ;  also  in  Canada ;  at  Cornwall  in  Pennsylvania,  and  at  Magnet  Cove, 
Arkansas.  Also  found  in  Putnam  Co.  (Tilly  Foster  Mine),  N.  T.,  eta  In  Conn,^  at  Haddam. 
In  Feiin. ,  at  Chester  Co.  ;  in  mica  at  Pennsbury.  In  California^  in  Sierra  Co.  ;  in  Plumas 
Co.,  and  elsewhere.     In  K.  Scotia^  Digby  Co.,  NichoPs  Mt. 

Maonesiofe&rite  {inagnoferrite). — MgFe04.  In  octahedrons;  resembling  magnetito, 
Vesuvius. 

FRANK  LINrm. 

Isometric.  Habit  octahedral.  Cleavage:  octahedral,  indistinct.  Also 
massive,  coarse  or  fine  granular  to  compact. 

n.=5-5-6-5.  G. =5-069.  Lustre  metallic.  Color  iron-black.  Streak 
dark  reddish-brown.  Opaque.  Fracture  couchoidal.  Brittle.  Acts  slightly 
on  the  magnet. 

ft 

Oomp. — (Fe,Zn,Mn)  (Fe,Mn)04,  or  corresponding  to  the  general  formula  of  the  spmei 
group,  though  varying  much  in  relative  amounts  of  iron,  zinc,  and  manganese.  Analysis, 
SterUng  HiU,  N.  J.,  t  FeO,  (57-42,  AlO,  OCo,  FeO  15  O.*),  ZnO  678,  MnO  9-53=10012,  Seyms. 
Q.  ratio  for  B  :  ft=l :  1  nearly.  In  a  crystal  from  Mine  Hill,  N.  J.,  Seyms  found  4' 44  p.  o. 
MnO,. 

The  evolution  of  chlorine  in  the  treatment  of  the  mineral  is  attributed  by  v.  Eobell  to  the 
presence  of  a  little  MnOs  (0.80  p.  o.)  as  mixture,  which  Rammelsberg  observes  may  have 
oome  from  the  oxidation  of  some  of  the  protoxide  of  manganese. 

Pyr.,  eto.---B.B.  infusible.  With  borax  in  O.F.  gives  a  reddish  amethystine  bead  (man- 
ganese),  and  in  B.F.  this  becomes  bottle-green  (iron).  With  soda  gives  a  bluish-green  man- 
ganate,  and  on  charcoal  a  faint  coating  of  zinc  oxide,  which  is  much  more  marked  when  a 
mixture  of  borax  and  soda  is  used.  Soluble  in  hydrochloric  acid,  with  evolution  of  a  small 
amount  of  chlorine. 

Dlff.— Resembles  magnetite,  bub  is  only  slightly  attracted  by  the  magnet ;  it  also  reacts 
for  zinc  on  oharooal  B.B. 


f  / 
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Vmr.  I.  Ordinary,— Color  pale  green,  being  colored  bj  iron.  G.  — 3.587,  Haddam;  3-734, 
Braril;  3-689,  UnU,  Rose;  -ISSS,  OrenbaiK,  KokBcharof.  2,  Alfxandntji.—Co]ot  emerald- 
green,  but  oolumbine-red  by  tranBinitted  light.  Q.=3-644,  mean  of  results,  Kokscharof. 
Supposed  to  be  colored  bj  chrome.  CryataU  often  very  large,  and  in  twins,  like  f.  477, 
either  six-Bided  or  sii-rayed. 

Comp.— Be.'VlOt=Aliiimna80'2,  glucina  IS -8  =  100.  Iron  is  also  often  present,  though  not 
in  the  transparent  varieties.     Isoniorphoas  with  chiyeolite. 

PjT,,  etc. — B,B.  alone  unnltered;  with  soda,  the  sarfoce  is  merely  rendered  doU.  With 
borax  OF  salt  of  phosphoms  fuses  witb  groat  difficulty.  With  cobalt  solution,  the  powdered 
mineral  gives  a  bluish  color.     Not  acted  upon  by  acida. 

HHff.^-DistJngaished  b;  its  extreme  hanlness,  greater  than  that  of  topaz  ;  and  its  infusi- 


bility ;  also  oharaoteriied  b;  its  tabular  crjiBtallization,  i 
Obs. — In  Brazil  and  also  Ceylon ;  at  Marohendorf  in  U 

UCs.,  Ireland  ;  at  Haddam,  Gt.  ;  at  Norway,  Me. 
Whan  transparent,  and  of  anfficrieat  siie,  chrjsoberyl  is 

fnl  yellowiah-green  gem.     If  opalescent,  it  is  uaaaUy  cnl 


n  the  Mourns 


(d)  Deutoxideb,  KOj. 


EmHU  Oroup.     Tetragonal. 

OaSBTrBFlTrE.    Tin  Stone.     Zinnstein,  Zinnen,  Oarta. 

Tetragonal.  OM-i  =  liQ°  5';  «  =  0-6724.  lAl,  pyr..  =  131°  40'; 
/Al  =  133'"34';  1-iAl-i,  p^r.,  =  133"  31'.  Cleavage:  /and  i-r  hardly 
distinct.  Twins:  f.  478,  twiiming-plaiie  l-»;  producing  often  cnmplex 
f«»rins  tliroiigli  the  many  modifying  planes ;  sometimes  repeated  parallel  to 
all  the  eight  planes  l-i;  also  f.  4S0,  a  metagenic  twin.  Often  in  renifortn 
shapes,  stnietare  fibrous  divergent ;  also  nia^ive,  gi-anular  or  impalpable. 


II.=6-7.  Q-.=:6-4-71.  Lnstre  adamantine,  and  erystals  usually  splen- 
dent. Color  brown  or  lilack ;  sometimes  red,  gray,  white,  or  yellow. 
Sti-ealc  white,  grayish,  bi-owiiiah.  Nearly  transparent — opaque.  Fracture 
subconchuidal,  uneven.     Brittle. 

Var.— I.  Ordituiry,  Tinstone.  In  oiystals  and  massive.  G.  of  ordinary  crjst.  6-96-,  of 
colorless,  from  Tipuani  E..  Bolivia,  6-833,  Forbes.  3.  Wood  Tin  (Holz-Zinn,  Ornn.).  In 
botryoidal  and  Tenifocm  shapes,  oonoentrio  in  stmcture,  and  ladiated  fibrons  internally, 
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altbrat^b  \*tj  enarptet.  with  tb«  mlm  hrrnraiah.  et  mixed  Aadei.  lookiag  lODmrfiat  like  drv 
wor>d  in  iu  vA'irn.  G.  of  <ni«  T>ri«tj  1  -^M.  .■STrMin  fia  ii  uocfais^  bm  xha  oce  in  tbe  ±CAce 
of  HViil.  u  ii  qcrarn  mliH^  tEw  tK^.*  of  •cresnu  or  ia  the  ^istcI  of  the  mdjomtng  regk^ 
It  ban  t^*!;  rlrriTHl  frryin  tin  Tcioa  or  rrirks.  tfuDogh  the  wear  and  decompoaitioa  of  the  locks 
and  tmajiriTttti'm  bj  vaWT. 

OoMp,— ScO,-Tm  T^-«.  oij^ni  21-4— lOO. 

Pjr^  ate — B.B.  alone  uBalif^renL  Oa  charcoal  with  loda  Rdoced  to  metallic  tin.  and 
frivv  a  vhite  coating.  With  the  fliii>f>  Himetiiiiee  prea  nacdoiu  for  uoa  and  manganeve, 
and  mon  nnlT  for  cantaJic  qzide.     Onlj  al^tlv  acKd  npon  bfaeids. 

DiS. — ly^t'.D^iahhA  bj  its  high  Kptd&r:  grariir,  i-»  infnuibilitT.  and  br  it>  jieldin^  metallic 
tin  B.B.  from  botdv  ranetien  r,f  garn<:t.  nphaleriie.  and  btack  iDnncaline.  to  whub  it  haa 
•ome  reMrroliianoe.     Speciflc  i^Tit^  't.i   bibber  iban  that  of  rntile  4;. 

Oba. — Tin  me  ia  met  with  in  reim  trarendog  granite,  gneiia.  mica  Fchiat.  cfaloHte  or  dar 
■chiiR.  aiul  porphri;.  Ocean  in  Comw&li;  in  Dcvoivhiie:  in  Bohemia  and  Saxon j  ;  at 
Limoj^m  :  aim  in  Galicia  ;  Greenland  :  Sweden,  at  Pinbo  ;  Finland,  at  Pitkannla.  In  tbe 
E.  Indii?! ;  in  Victoria  and  Xcw  Sonth  WalM ;  in  lar^  ijoanticiea  in  Qneenaland.  In  BoliiiA, 
S.  A,  ;  in  Mexico. 

In  tbe  IJnit^  Statea.  rare :  in  3I"iM.  at  Paris ;  in  S.  Hamp.,  at  Ljme ;  in  CiU/araia.  in 
San  Bernardino  Co. ;  in  Idaio,  near  Boonnile. 


Tetraponal.  O  A  1-t  =  147'  121".  c  =  0-6442.  1/1.  pvr,,  =  123=  7i'. 
//  1  =  Vi:i^  20',  CIcavapc:  /  and  i->,  distinct:  1.  in  traces.  TerthTi! 
planer  iiRiially striated.  Crrstals often avk-nlar.  Twins:  (li twinnin^-j'lniie 
1-f  (i*e  p.  94).  (2;  3-/,  malvitii^  a  wcdge-fiiapoii  crmal  c.-i>n^istirc  i.f  tw» 
indirirliials.  (3)  l-i  and  3-t  in  the  same  orvstal  (fr.  Alagnet  Cove,  Llesstn- 
berg).     OtniaHlimally  compact,  iiiassive. 


n.=f)-6-5.  G.=4'18-4'25.  Lustre  metallic-adamantine.  Color  red- 
dish-brown, paiifilng  into  red  ;  Eometinics  vcliowieh,  binish.  violet,  black  ; 
rarely  grasB-jrrcen.  Streak  pale  broim.  Siibtransparcnt — opnqiie.  Frac- 
ture iiiibcoiiclioidal,  uneven.     Brittle. 

Ootnp.,  Var^-Titanio  oiids,  TiO,=Oxygen  39,  tiUniam  61=100.     Sometimes  a  litUe  iron 

Pyr.,  eto—B  B.  infnmble.  With  nalt  of  pbosphoniB  ^vci  a  <;olorie8S  bead,  which  in  R.P. 
asHnmea  a  Tiolet  color  on  cooling.  Moat  Tarietiea  contain  iron,  and  fri'^c  a  browniab-jollow 
or  red  bead  in  R.F..  the  violet  only  appenting  after  treatment  of  the  bead  with  metallic  tin 
on  charcoal.  Innolnble  in  addn ;  maiie  solnble  by  fnsion  with  an  alkali  or  alkaline  carbonate. 
The  (irjlulinn  containing  an  eicew  of  acid,  with  tbe  addition  of  tin-foil,  givea  a  bMOtUal 
jjBlalet'Oulor  when  conoentiated. 


OZTOEN  COlCPOUinXI.— AHHTDBOUB  OXIDES. 
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Sift — Characterized  by  its  peculiar  snb-adamantine  lustre,  and  brownisli-red  color.  Differs 
from  tonimaline,  vesavianite,  augite  in  being  entirely  unaltered  when  heated  alone  B.B. 
Specific  gfravity  about  4,  cassiterite  6*5. 

Obs. — Rutile  occurs  in  granite,  gneiss,  mica  slate,  and  syenitic  rocks,  and  sometimes  in 
granular  limestone  and  dolomite.  It  is  generally  found  in  imbedded  crystals,  often  in  masses 
of  quartz  or  feldspar,  and  frequently  in  acicular  crystals  penetrating  quartz.  Very  commonly 
implanted  in  regular  position  upon  crystals  of  hematite,  as  from  Cavradi  in  the  TaTCtschthal. 
Occurs  in  Norway;  Finland  ;  Saualpe,  Carinthia;  in  the  Urals  ;  in  the  Tyrol ;  at  St.  Gothard; 
near  Freiberg  ;  at  Ohlapian  in  Transylvania. 

In  Maine^  at  Warren.  In  Vermont^  at  Waterbury  and  elsewhere.  In  Mass. ,  at  Barre ; 
Shelbume;  Sheffield.  In  Conn.,  at  Lane^s  mine,  Monroe.  In  N.  York^  in  Orange  Co.  ; 
Edenville ;  Warwick.  In  Penru,  Chester  Co.  In  Ji.  Car.,  at  Crowder's  Mountain.  In 
Georgia,  in  Habersham  Co.  ;  in  Lincoln  Co. ,  at  Graves'  Mountain.  In  Arkansas,  at  Magnet 
Cove. 

Titanium  oxide  is  employed  for  a  yellow  color  in  painting  porcelain,  and  also  for  giving  the 
requisite  tint  to  artificial  teeth. 


Binnenthal. 


OOTAHEDRITB.     Anatase. 

Tetragonal.     O  M-i  =  119^  22';  (5  =  1-77771.     Commonly  octahedral 
or  tabular.    1  A 1,  pyr.,  = 
97^^51'.    /Al  =  158'»18'.  484 

Cleavage :   1  and  O,  per- 
fect. 

H.=5-5-6.  G.=3-82- 
3-95 ;  sometimes  4-ll-4*16 
after  heating.  Lustre 
metallic-adamantine.  CcjI- 

or  various  shades  of  bro^vn,  passing  into  indigo-blne, 
and  black ;  greenish -yellow  by  transmitted  light. 
Streak  uncolored.     Fracture  subconchoidal.     Brittle. 

Oon^. — Like  rutile  and  brookite,  pure  titanic  oxide. 

Pyr.,  etc. — Same  as  for  rutile. 

Obs. — Abundant  at  Bourg  d'Oisans,  in  Dauphiny ;  also  in  the  Bin- 
nenthal (including  here  Kenngott's  tciseririA,  f.  484,  as  shown  by  Klein,  Jahrb.  Min..  1875, 
837);    at  PBtsch  Joch,  Tyrol;  near  Ilof  in  the  Fichtelgebirge ;  Norway;   the  Urals;  in 
Devonshire,  near  Tavistock ;  at  Tremadoc,  in  North  Wales  ;  in  Cornwall ;  in  Brazil  in  quartz. 
In  the  U.  States,  at  Smithfield,  K.  I. 

HAUSMANNrrE.— Mna04=2Mn0,Mn0a.     Tetragonal, ,OAl-i  =130^  25'.     Color  brownish- 
black.     Thuringia :  Harz,  etc. 

Bkaunite.— 2(2Mn0,Mn0a)+Mn0;,Si0,.     Tetragonal,    0Al-i=lS5''   26'.      Color  dark 
brownish-black.    Thuringia  ;  Norway,  etc. 

Minium  (Mennige,  G^tfrw. ).—Pb,04=Pb0,+2Pb0.    Badenweiler ;  Wythe  Co.,  Va.,  etc. 


BROOETTB. 


Ordiorhombic  (?).  IaI=99''  60'  (-100*  50'):  OM-l=^lSr  42'; 
i:h:d  =  1-1620  :  1-1883  :  1.     Cleavage :  /,  indistinct ;  0,  still  more  so. 

H.=:6-5-6.  G.=:4-l 2-4-23, brookite;  4-03-4-085, arkansite.  Hair-brown, 
yellowish,  or  reddish,  with  metallic  adamantine  lustre,  and  translucent 
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(brookite);  also  iron-black,  opaque,  and   submetallic   (arkaiiBite).     Streak 
uiiculored — grayish,  yellowish.    Brittle. 


Comp.— Fore  titanic  oxide,  TiOi,  liie  mUle  and  octaliedrit«. 

Pyr.,  etc. — Same  as  for  nitile. 

OM.—Broolcite  occuix  at  Bouig  d'Ouans  in  Dauphiay ;  at  St.  GFothard ;  in  the  Urals,  Deal 
Miatik ;  in  thick  black  cryatala  {/iTkniuite  t.  486)  at  Magnet  Cove,  Aiksnaas.  Bometiinea  altered 
tnmtnchyp'iraiiuTrphiiim;  at  Ellenville,  Plater  Co.,  N.Y. ;  at  Paris,  Maine. 

Schrauf  hoH  announced  (AUan  Mm..  Reich.  IT.)  that  be  has  faand  brookite  to  be  m^nodinw 
(and  i*omorphoua  with  wolframite).  He  diatiDgiiJahes  three  tjpea  having  diSerent  axial 
.  relatioDK.  The  meaanremeiitg  o(  v.  Etith,  however,  aeem  to  ^ow  that  in  part  it  most  be 
ortA'ii  Anmbic. 

EUUANITB. — From  CheBtarfield,  Ha8S..maj  be  identical  with  brookite.' 


PTROLtrSTTE.    Polianite. 

/A  /  =  93"  40',  0/\  1-i  =  142°  11' ;  6:1:  d  =  0-776  : 
1-066  :  1.  Cleavage  /aiid  i-i.  Also  columuiir,  often 
divergent;  also  granular  massive,  and  frequently  in 
ronifonii  coats.     Often  soils. 

IL=2-2-5.  G.=4-82.  Turner.  Lnstre  metallic. 
Color  iK)n-l>lack,  dark  steel-gray,  sometiines  bluish. 
Streak  black  or  bluish-black,  sonietimeB  snbmotallic. 
Opaqne.     Rather  brittle. 

Oomp.— MnOj=MangaDeBe  633,  oxygen  36-8=100. 

Pyr.,  etc.— B.B.  alone  infnaible ;  on  chaTcoal  loBea  oxjgen.  A  mangiuiese  reaction  with 
borax.     Affords  chlorine  with  hydrochloric  acid. 

Difi.— Hardness  leas  than  that  of  psUomelane.  DiScr«  from  iron  ores  in  ita  reaction  for 
mon^Dese  B.B.  Eliutil;  distinguiahcd  from  pailomclane  by  ita  inferior  hardness,  and  usunllj 
by  being  cryatnlline. 

Obs. — Ocnuis  extensively  at  Elgersbei^  near  Ilnienan  in  Thoringia ;  at  Vorderehrensdorf  in 
Moravia;  at  Flatten  in  Bobemia.  and  elsewhere.  Occurs  in  the  United  States  in  Vermont, 
at  Brandon,  etc. ;  at  Conway.  Mass.  ;  at  Wincheater,  N.  H. ;  at  Salisbuiy  and  Kent.  Conn. 
Id  California,  on  lied  island,  bay  of  San  Francisco.  In  New  Brunswick,  near  Bathurat.  In 
Kova  Scotia,  at  Walton;  Pictou,  etc. 

PyroluBite  and  manganite  arc  the  most  important  of  the  ores  of  manganese.  Pyroluaite 
poita  with  its  oxygen  at  a  red  heat,  and  is  extensively  employed  for  discharging  the  brown 
and  green  tints  of  glasa.     It  hence  received  ita  name  from  -i/i,  fire,  and  Al<u,  to  aash. 

CREDNERrru.— CuiMn:.0,,  ot  3CuO+3MnO|.     Poliat«d.    Color  black.     Thuringia. 


OXTQEN    C0HP0UKD8. — nrDKOQB   OXIDEB. 


B.  HYDROUS    OXIDES. 


Compact  fibroiiB  and  divergent,  to  massive;  often  botryoidal  and  8ta- 
laetitic  like  lintonite.     Alao  eaitliy,  as  rcd  uclire. 

'  ll.=5-6.  a.=3-56-3-74,  from  Ura.\;  429-4-49,  fr.  Hof;  4-6S1,  fr. 
Horhaneen  ;  4'14,  fr.  Salisbury.  Liisti-e  snbnietaliic  and  aomewiiat  satin- 
like  in  the  direction  of  tlie  fil»roHB  iitinictnre;  also  dnll  eartliy.  Color 
reddish -black,  to  dark  red ;  bright-red  when  earthy ;  botryoidal  surface 
often  histroHB,  like  mnch  limonite.     Opaque. 

Oomp. — H,Pe,OT=Iroii  sesqaioxide  04 7,  water  B'3=100. 

Pyr.,  eto.— He&ted  in  a  closed  tabe,  fiiaa  to  pieces  in  a  temarkftble  nuumec ;  yields  water. 
OCberwine  like  hematite. 

Difi^— Diatinguiehed  from  hematite  and  limonite  by  ite  superior  batdQess,  the  color  of  ite 
streak,  and  B.B.  its  deerepitation. 

Oba A  very  common  ore  ol  iron.     O(ionrs  at  the  Turpnsk  copper  mine  near  BosgoloTek, 

in  the  Ural ;  near  Hof  in  Bavaria,  and  Siegen  in  Pniasia ;  at  Horbansen.  In  the  U.  S.  it 
oocnni  at  Salisbuir,  Ct. 


Ortliorhombic  /a/=93°  42f,  0  A 14  =147*'  12V; 
0-644:>5  : 1-067  :  1.  i-JAl-J  =  121^  7^',  j-i  A  1-2  =  104" 
14i'.  *-iAl  =  116°  54i'.  Crystals  nsually  thin,  flattened 
parallel  to  i-i;  soinetinies  acicular;  commonly  implanted. 
Cleavage :  i-i  eminent ;  i-i  lesB  ]KTfe<.'t.  Occurs  foliated 
maasivc  and  in  thin  scales;  BometimeB  Btalaetitic. 

II.=6-5-7.  C4.=3-3-3-5.  Luetre  brilliant  and  pearly  on 
cleavage-face;  elsewhere  vitreous.  Color  wliiti:-li,  grayiBh- 
white,  greenish -iiray,  hair-biiiwii,  yellowish,  to  colorleiw; 
Bomethnes  violot-blue  in  one  direction,  reddish  plinnb-blue 
in  another,  and  pale  aspnragna-gj'cen  in  a  third.  When  thin, 
translucent — Bufitranshiceiit.     v'ery  brittle. 

Oomp — HiAIOi^AltimiiiH  8S'l,  water  14  0  =  100;  a  little  pboaphoms 
.  pentoiide  iit  often  present. 

Pf  r.,  eto.^tn  the  dated  tube  decropitatca  stronglj,  separatin)^  into  pearly  white  scales, 
and  at  a  high  temperatoro  yields  wnter.  The  -variety  from  Schemniti  doeii  not  decrepitate. 
Infus'.ble  ;  with  cobalt  solution  gives  a  deep  bine  color.  Somo  TarietisH  react  for  iron  with 
the  fluxGR.     N'ot  attacked  by  acids,  but  after  ignition  becomes  soluble  in  auljihurio  acid. 

DiS. — Distinftiii^hcd  (B.B.  ]  by  itH  decrepitation  and  yielding  water  ;  as  also  by  the  reaction 
for  alumina  with  oobalt  solution.     Itenembles  some  varieties  of  bomblGnde,  bnt  is  harder, 

Ob^.^Commonly  tonnd  with  corundum  or  emery.  Oconni  in  the  Ural;  at  ficheinuiti; 
at  Bioildbo  near  Fabian ;  in  SwitEerland  ;  in  Asia  Minor,  and  the  Grecian  islands ;  in  Chester 
Co.,  Pa, ;  at  the  emery  mines  of  Cheater,  Musa.  ;  N.  Carolina. 

Diiupore  was  named  by  HaQy  from  iiasKeipu,  to  scatter,  allading  to  the  usual  decrepitation 
before  the  blowpipe. 
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QOTHl'l'U, 

Orthorhombie.     /a/=:  94°  52'  (B.&M.);   (5  Al-i  =  140°  33';  .'■ :  fi  :  d! 

=  0'66  : 1'089  : 1.     Iii   prisiiiB   lonj^itndinally  striated,  and 

401  often  tlatteiied  into  scales  or  tables  parallel  to  the  shorter 

^„,Y^^j        diugoiial.      Cleavage:  braelivdiaj^mal,  very  perfect.     Also 

/^ly'  l^S\      fibrous;  foliated   or  in   Bcafes;  iiiasstve;  reuiform;  stalac- 

"TT'^^r-    I     title. 

I  a  I'i  H.=5-5-5.     G,=4'0-4-4.     Lustre  impei-fect  adamantine. 

Color  yellowish,  reddish,  and  blackish- brown.  Often  blood- 
red  by  transmitted  liglit.  Streak  brownish-yellow — oclire- 
ycUow. 

Var. — 1.  In  thio  scale-like  or  tabniar  cTTEtuIa,  mniiiUy  attached  by  one 
edge.  8.  In  adcnlar  or  uapillory  (not  flexible)  ctjBlal«,  or  ulender  piisms,  often  radiatelf 
groaiied  ;  the  Nerdk-Iroitttoaa  [NniMeUenntnti).  It  posses  into  (A)  a  vorietr  with  a  velvety 
inrface :  the  PitibmnUte  (.'^mmelbl^niU)  of  Przibram  k  of  this  kind.  Other  varieties  are 
oolnninar  or  flbroua,  Bcaly-fibraus.  or  feathery  coliiinnar;  oompnot  massive,  with  a  Hat  con- 
dioidal  traotnre  ;  Bod  sometimes  reniform  or  staJactitic. 

Oomp.— H,FeO.=H,FeO,-H2FeO,^-Iron  seaquioiide  89-9,  water  10-1  =  100. 
Pyr.,  etc. — In  the  closed  tube  gives  oS  water  and  is  converted  into  red  iron  sesqnioxide. 
With  the  fluxes  like  hematite  ;  most  varieties  give  a  manganese  reaction,  and  some  treated 
in  the  forceps  in  OF.,  after  moistening  in  sulphuric  acid,  impart  a  bluish-greeD  color  to  the 
flame  (pboaphoric  acid).     Solable  in  hydrochloric  acid. 

Obs. — Fuuud  with  the  other  icon  oiidaa,  eHpeciolly  hematite  or  limonite.  Occars  at  Eiser 
feU  ;  in  Nassau  ;  at  Zwiokan  in  Saiony  ;  in  Cornwall ;  in  Somemetshire,  at  the  Providence 
Iron  mines.  !□  the  n.'States,  near  Marquette,  L.  Superior;  in  Penn.,  near  Easton;  in 
Cabfomia,  at  Bums  Creek,  Mariposa  Co- 
Named  Gt'lAUf  after  the  poet-phitosopher  Oothe ;  and  PyrrhotideriU  from  mplmt,  firt-red, 
and  ai6^poc,  iron, 

HAHOANITB. 

Orthorhombie  7a/=99'>40',  O M-l  =  Wl°  ^' ;  c  :  X  :  (I  =  0  6455  : 
1-185  :  1.  Twins:  twinniiig-plane  1-i  (f.  296,  p.  0(i).  Cleavage:  i-i  very 
perfect,  7  perfect.  Crystals  longitndinaily  striated,  and  often  {grouped  in 
bundles.    Also  columnar ;  seldom  granular;  stalactitic. 

II. =4.  0.=42-4'4.  Lustre  siiii  metal  lie  C<iIor  dark  Bteel-gray — iron- 
black.  Streak  reddish-brown,  sometimes  nearly  black.  Opacpie;  minute 
splinters  sometimes  brown  by  transmitted  lifjht.     Fracture  uneven. 

Comp.— H,MnOi=H,MnO,  +  3MnO,=ManganeBe  aesquioride  B9-8  (=Mn  63S,  0  2~,Z\ 
TOter  10  3  =  100. 

PyTt  etc.^ — In  the  closed  tnbe  yields  water  ;  otherwise  like  brannite. 

Om. — Occurs  in  veins  traversing  porphyry,  at  llefeld  in  the  Han  ;  in  Thuringia ;  Undenaee 
in  Sweden;  ChrisCiansand  in  Norway;  Cornwall,  at  voriona  places;  also  in  Cnmberliuid, 
Devonshire,  eta  In  Nova  Scotia,  at  Cheverie,  etc.  In  New  Urauawick,  at  Shepody  moun- 
tain, Albert  Co.,  etc. 


UMOHrm.    Brown  Hematite.     Branneisenatein,  Otrm. 

tTsaally  in  stalactitic  and  botryoidal  or  mamniillary  forms,  having  a  fibrous 
or  siibfibrous  structnre;  also  concretionary,  massive;  and  occasionally 
earthy. 
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H.=5-5-5.  G.  =  3*6-4.  Lustre  silky,  often  subraetallic ;  sometimes  dull 
and  earthy.  Color  of  surface  of  fracture  various  shades  of  brown,  com- 
monly dark,  and  none  bright ;  sometimes  with  a  nearly  black  varnish-like 
exterior ;  when  earthy,  brownish-yellow,  ochre-yellow.  Streak  yellowish- 
brown. 

Var. — (1)  Compact  Submetallic  to  silky  in  lustre:  often  stalactitic,  botryoidal,  etc.  (2) 
Ochreoiis  or  earthy,  brownish-yeUow  to  oohre-yeUow,  often  impure  from  the  presence  of  clay, 
sand,  etc.  (8)  Boff  ore.  The  ore  from  marshy  places,  generally  loose  or  porous  in  texture, 
often  petrifying  leaves,  wood,  nuts.  etc.  (4)  Brown  day-ironMoiUy  in  compact  masses,  often 
in  concretionary  nodules,  having  a  brownish-yellow  streak,  and  thus  distinguishable  from  the 
clay-ironstone  of  the  species  hematite  and  siderite ;  it  is  sometimes  (a)  pisoUtic,  or  an  aggre- 
gation  of  concretions  of  the  size  of  small  peas  (Bohnerz,  Oerm. ) ;  or  (J?)  oolitic. 

Oomp.— H«FeaO»=H6Fe06+FeOj=Iron  sesquioxide  85*0,  water  14-4=100.  In  the  bog 
ores  and  ochres,  sand,  day,  phosphates,  manganese  oxides,  and  humic  or  other  acids  of  organic 
origin  are  very  common  impurities. 

P3rr*,  etc. — Like  gothite.  Some  varieties  gfive  a  skeleton  of  silica  when  fused  with  salt  of 
phosphorus,  and  leave  a  siliceous  residue  when  attacked  by  acids. 

Di£ — Distinguished  from  hematite  by  its  yeUowish  streak,  inferior  hardness,  and  its  reac- 
tion for  water.     Does  not  decrepitate,  B.B.,  like  turgite. 

Obs. — Limonite  occurs  in  secondary  or  more  recent  deposito,  in  beds  associated  at  times 
with  barite,  siderite,  calcite,  aragonite,  and  quartz  ;  and  often  with  ores  of  mangranese ;  also 
as  a  modem  marsh  deposit.  It  is  in  all  cases  a  result  of  the  alteration  of  other  ores,  through 
exposure  to  moisture,  air,  and  carbonic  or  organic  acids ;  and  is  derived  largely  from  the 
change  of  pyrite,  siderite,  magnetite,  and  various  mineral  species  (such  as  mica,  augite,  horn- 
blende, etc.  \  which  contain  iron  in  the  protoxide  state. 

Abundant  in  the  United  States.  Extensive  beds  exist  at  Salisbury  and  Kent,  Conn. ,  also 
in  the  neighboring  towns  of  N.  Y.,  and  in  a  similar  situation  north;  at  Richmond  and  Lenox, 
Mass. ;  in  Vermont,  at  Bennington,  etc. 

Limonite  is  one  of  the  most  important  ores  of  iron.  The  pig  iron,  from  the  purer  varieties, 
obtained  by  smelting  with  charcoal,  is  of  superior  quality.  That  yielded  by  bog  ore  is  what 
is  termed  coid  nfiort^  owing  to  the  phosphorus  present,  and  cannot  therefore  be  employed  in 
the  manufacture  of  wire,  or  even  of  sheet  iron,  but  is  valuable  for  casting.  The  hard  and 
compact  nodular  varieties  are  employed  in  polishing  metnllic  buttons,  etc. 

Melanosideritk. — Near  limonite,  but  containing  7*39  p.  c.  SiOa,  perhaps  as  an  impurity. 
Cooke  regards  it  as  a  very  basic  silicate  of  iron.     G.  =3*39.     Westchester,  Penn. 

Xantiiosidkrite.— H4FeOft=FeO,  81*6,  HaO  18-4=100;  or  H.FeOe  (Ramm.).  In  fine 
needles.    Color  yellow,  brown.     Ilmenau  ;  the  Harz. 

Bbauxite. — Occurs  in  concretionary  g^ins.  Color  whitish  to  brown.  Composition  doubt- 
ful, perhaps  Al(lfe)0a+2aq.  Beaux,  near  Aries,  France ;  near  Lake  Wochein,  Styria  {woehri' 
nite) ;  French  Guiana. 


BRUOITE. 


Khombohedral.      EAJi  =  82°  22^',   OaE=119''  39^';    c=  1-52078 
(Ilessenberg).     Crystals   often   broad  tabular.     Cleavage :  basal,  eminent, 
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Low*B  Mine,  Texas.  Wood^s  Mine,  Texas. 

folia  easily  separable,  nearly  as  in  gypsum.     Usually  foliated  massive. 
Also  fibrous,  fibres  separable  and  elastic. 
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H.=2-5.  G.=2-35-2'44:.  Lustre  pearly  ou  a  cleavage-face,  elsewhere 
between  waxy  and  vitreous;  the  fibrous  silky.  Color  \vliite,  inclhiing  to 
gray,  blue,  or  green.  Streak  white.  Translucent — eubtranslucent.  Sectile. 
Thin  laminae  flexible. 

Oomp. — H3Mg03=Magne8ia  69,  water  31=100. 

Var. — 1.  Foliated.    2.  Fibrons ;  called  nemalite^  oontaming  4  or  5  p.  o.  of  FeO. 

P3rr.,  etc. — In  che  closed  tnbe  gives  off  water,  becoming  opaque  and  friable,  sometimes 
taming  gray  to  brown.  B.B.  infusible,  glows  with  a  bright  light,  and  the  ignited  mineral 
reacts  alkaline  to  test  paper.  With  cobalt  solution  gives  the  violet-red  color  of  magnesia. 
The  pure  mineral  is  soluble  in  acids  without  effervescence. 

Diff.— Distinguished  by  its  infusibUity.     Differs  from  talc  in  its  solubility  in  acids. 

Oba. — Brucite  accompanies  other  magnesian  minerals  in  serpentine,  and  has  also  been  found 
in  limestone.  Occurs  at  Swinaness  in  Unst,  Shetland  Isles ;  in  the  Urals ;  at  Goujot  in 
France  ;  near  Filipstadt  in  Wermland.  It  occurs  at  Hoboken,  N.  J. ;  in  Richmond  Co. ,  N.  Y. ; 
at  Brewster,  N.  Y.  ;  at  Texas,  Pa.  The  fibrous  variety  {nemaUU)  occurs  at  Hoboken,  and 
at  Xettes  in  the  Yosges. 

oiBBsrm. 

Monoch'nic  (DesCl.).  In  small  hexagonal  crystals  with  replaced  lateral 
edges.  Planes  vertically  striated.  Cleavage  :  basal  or  O  eminent.  Occa- 
sionally in  lamello-radiate  spheroidal  concretions.  .  Usually  stalactitic,  or 
small  mammillary  and  incrusting,  with  smooth  surface,  and  often  a  faint 
fibrous  structure  within. 

IL=2-5-3-5.  G.=2*3-2'4.  Color  white,  grayish,  greenish,  or  reddish- 
white  ;  also  reddish-yellow  when  imi)ure.  Lustre  of  O  pearly  ;  of  other 
faces  vitreous ;  of  surface  of  stalactites  faint.  Translucent ;  sometimes 
transparent  in  crystals.  A  strong  argillaceous  odor  when  breathed  on. 
Tough. 

Var. — 1.  In  crystals:  the  original  %rfr«r(7fTO^.     2.  Stalactitic;  gibbHte, 

Oomp.— HeAlOgrr  Alumina  655,  water  34  5=100. 

Pyr.,  etc.—  In  the  closed  tube  becomes  white  and  opaque,  and  yields  water.  B.B.  infusible, 
whitens,  and  does  not  impart  a  green  color  to  the  flame.  With  cobalt  solution  gives  a  deep- 
blue  color.     Soluble  in  concentrated  sulphuric  acid. 

Diff.   -Resembles  chalcedony  in  appearance,  hut  is  softer. 

Obfl. — The  crystallized  g^bbsite  occurs  near  SlatouKt  in  the  Ural ;  at  Gumuchdagh,  Awa 
Minor;  on  corundum  at  UnionviUe,  Pa.;  in  Brazil.  The  stalactitic  occurs  at  lUchmond, 
Mass.;  at  the  Clove  mine,  Duchess  Co.,  N.  Y.:  in  Orange  Co.,  N.  Y. 

Rosens  hydrargillite  (Urals,  1839)  is  identical  with  gibbsite  (Torrey,  1822),  and  must  receive 
this  name.  An  imcertain  mineral  from  Richmond  afforded  Hermann  38  p.  c.  of  phosphoric 
acid,  but  a  phosphate,  if  it  really  occurs  there,  is  not  gibbsite. 

Pyrociiroite.— HaMn0a=Mangane8e  protoxide  79'8,  water  20-2=:100.  Foliated.  Color 
white.     Mine  of  Paisberg,  FUipstadt,  Sweden. 

Hydrotalctte  from  Snarum,  Norway,  and  Volknerite  from  the  Urals,  contain  alumina, 
magnesia,  and  water  with  more  or  less  carbon  dioxide.  Probably  mixtures,  containing 
brucite,  gibbsite,  etc.  Houghite  from  Oxbow  and  Rossie,  N.  Y.,  is  a  similar  mineral 
derived  from  the  alteration  of  spineL  Namaqualite  {CkurcJi),  A  related  mineral;  from 
Namaqualand,  So.  Africa. 


PSILOMBLANB. 


Massive  and  botryoidal.     Reniform.     Stalactitic. 

H.  =  5-6.     G.=3-7-4*7.     Lustre    submetallic.     Streak    brownish-black, 
shining.     Color  iron-black,  passing  into  dark  steel-gray.     Opaque. 
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Oomp. — Somewhat  doubtful.  Contains  manganese  oxide,  with  varying  amounts  of  baryta, 
and  potash  (lithia),  and  also  water.  General  formula,  according  to  Rammelsberg,  R60v=R0 
-t-4MnOa,  where  B  is  Kaa,  Ba  or  Mn.     Analyses: 

O        MnO     BaO       K^O      HjO 

1.  Thttringen    1143    65  76     16-59      5-25    CuO  0-59,  CoO  OTO,  CaO  0-51=100-72 

Olschew^skv 

2.  Ilmenau        15*82    77*23      012      5*29     CaO  0*91,  CuO  0*40=99*77  Chiusbruch. 

P3rr.,  etc. — In  the  closed  tube  most  yorioties  yield  water,  and  all  lose  oxygen  on  ignition  * 
with  the  fluxes  reacts  for  manganese.  Soluble  in  hydrochloric  acid,  with  evolution  of 
chlorine. 

Ob  A. — This  is  a  common  ore  of  manganese.  It  occurs  in  Devonshire  and  Cornwall ;  at 
Defeid  in  the  Harz ;  also  at  Johanngeorgenstadt ;  Si-hneeberg  ;  Ilmenau ;  Siegen,  etc.  It 
forms  mammillary  masses  at  Chittenden,  Irasbiug,  and  Brandon^  Yt. 


WAD. 

The  manganese  ores  here  included  occur  in  amorphous  and  reniforni 
masses,  either  earthy  oc  compact,  and  sometimes  incrusting  or  as  stains. 
They  are  mixtures  of  diflFerent  oxides,  and  cannot  be  considered  chemical 
compounds  or  distinct  mineral  species. 

ir.=0*5-6.  G.=3-4-26 ;  often  loosely  aggregated,  and  feeling  very  light 
to  the  hands.     Color  dull  black,  bluish  or  brownish-black. 

Oomp.,  Var. — Perhaps  HalinaO»=2Mn09+aq(Rammel8berg),  but  in  all  cases  mixed  with 
other  ingredients. 
Varieties  :  (A)  Manganesian  ;  (B)  Cobaltiferous ;  (C)  Cupriferous. 

A.  Boo  Man(»ane8B. — Consists  mainly  of  manganese  dioxide  and  water,  with  some  iron 
sesquioxide,  and  often  silica,  alumina,  baryta. 

B.  AsBOLiTE,  or  Earthy  Cobalt,  is  wad  containing  cobalt  oxide,  which  sometimes  amounts 
to  JJ2  p,  c.     lAthiopJiorite^  heteroyenite^  and  rabcUonite  belong  near  here. 

C.  Lampadtte,  or  Cupreous  Manganese.  A  wad  containing  4  to  18  p.  c.  of  copper  oxide, 
and  often  cobalt  oxide  also.     It  graduates  into  black  copper  (Melaconite).     G.  =3*1-8*2. 

P3rr.,  etc. —  Wad  reacts  like  psilomelane.  Earthy  cobtUt  gives  a  blue  bead  with  salt  of 
phosphorus,  and  when  heated  in  R.F.  on  charcoal  with  tin,  some  specimens  yield  a  red  opaque 
bead  (copper).  Cupreoim  manguneae  gfives  Kimilar  reactions,  and  three  varieties  give  a  strong 
manganese  reaction  with  soda,  and  evolve  chlorine  when  treated  with  hydrochloric  acid. 

Obs. — The  above  ores  are  results  of  the  decomposition  of  other  ores — partly  of  oxides,  and 
partly  of  manganesian  carbonates.  Wad  or  bog  manganese  is  abundant  in  the  counties  of 
Columbia  and  Dutchess,  N.  Y.  There  ore  large  deposits  of  bog  manganese  at  Blue  HiU  Bay, 
Dover,  and  other  places  in  Maine. 

£arthy  cobalt  occurs  at  Riechelsdorf  in  Hesse ;  Saalf eld  in  Thuringia ;  at  Nertschinsk  in 
Siberia ;  at  Alderly  Edge  in  Cheshire. 

CuALCOPiiANiTE. — Khombohedral.  In  druses  of  minute  tabular  crystals  ;  also  in  stolocti- 
tic  aggregates.  H,  =2*5.  G.— 31)07.  Lustre  metallia  Color  bluish-black.  Analysis  gave 
MnOa  59-U4,  MnO  658,  ZnO  21-70,  FeO,  0*25,  H,0  Ur)8=10005.  Composition  2MnO:,-h 
(Mn,ZujO-|-2aq.  If  half  the  water  were  basic,  the  formula  might  be  written  2(R,Mn)0s-haq, 
where  R=Mn,Znand  Ua.  B.B.  becomes  of  a  copper  color,  hence  the  name  (xoAxc^f,  hroM^ 
bronze,  and  <paiy»,  to  appear),    Stirling  Hill,  N.  J.     (Moore.) 
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DESCBIPTIYB  lONERALOGT. 


2.  OXIDES  OP  Elements  of  the  Aesbnio  and  Sulphuk  Geoupb,  Series  II. 


VAIiBN TINITU.    Weissplesglaserz,  Oerm, 

Orthorhorabic.     I.\  /  =  136^  58' ;  (?  A  l-t  =  105°  35' ;  c :  7> :  d^  =  3-5868  : 
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2"5365  :  1.  Often  in  rectangular  plates  with  the  lateral 
edges  bevelled,  and  in  acicular  rhombic  prisms.  Cleav- 
age :  /,  highly  perfect,  easily  obtained.  Also  massive ; 
structure  lamellar,  columnar,  granular. 

H.=2'5-3.  G.=5'566,  crystals  from  Braunsdorf. 
Lustre  adamantine,  i-t  often  pearly ;  shining.  Color 
snow-white,  occasionally  peach-blossom  red,  and  ash-gray 
to  brownish.  Streak  white.  Translucent — subtrans- 
parent. 

Oomp.— Sb90,=0xjgf;n  16-44,  antimony  83-56=100. 
Ob<<. — Found  at  Przibram  in  Boheniia ;  at  Felsobanya  in  Hongaiy ; 
Bifiunadorf  in  Saxony.     Also  at  South  Ham,  Canada  East. 

Senarmontite. — Same  composition  as  tJie  above,  but  crystallizes  in  isometric  octahe- 
drons.    G.  =5 -2-5 -3.    Pemeck,  Hungary ;  Cornwall;  Haraclas  in  Algeria  ;  S.  Ham.  Canada. 

Claud ETITE  ;  ArsenoIjITE. — ^Both  ASiOa.  The  lormer  is  orthorhombic,  the  latter  iso- 
metric. They  thus  correspond  to  the  two  forms  of  Sb^Oa  (see  above).  Claudetite  (G.  =385) 
occurs  in  thin  plates  at  the  San  Domingo  mines,  Portugal  ArsenoUte  {Or. =z*d'&dii)  ocovxxs 
usually  in  capilbiry  crystals,  also  stalactitic ;  earthy.  Andreasbezg ;  Joachimsthal ;  Corn- 
wall ;  Ophir  mine,  Nevada ;  California. 

BiBMiTE  (Wismuthocker,  (?^riA  ). — BijOa.  Occurs  massive,  earthy.  Schneeberg;  Joachims- 
ihal;  Cornwall.  Kakelinite. — 3BiO+BiS.  Massive.  Color  lead-gray.  G.=6'60.  Savo- 
dinsk  mine  in  the  Altai 

Molybdite  (Molybdanocker,  Germ.). — Composition  MoOa.  In  radiated  crystallizations,  as 
an  incrustation,  etc.  Occurs  with  molybdenite.  At  Westmoreland,  New  Hampshire ;  Chester, 
Penn. ;  Virginia  City,  Nevada.     Ilbemannite,  near  the  above.     Bleibcrg.  Carinthia. 

TuNGSTiTE. — WOa.  Pulverulent  and  earthy.  ComwaU;  Monroe,  Ct.  Metmacitb 
(Camot). — A  hydrated  tungstite.     Meymao,  Correze. 

Kermebite  (Antimonblende,  Oerm.).— Comjpoeition  SbaStO^SSbjSa+SbaOs.  In  capillary 
ciystaLs.     Color  cherzy-red.     Braunsdorf,  Saxony ;  Allemont ;  South  Ham,  Canada  East. 

Cervantite.— SbOt=SbaOa+Sb.^Oft.  Color  yeUow.  Results  from  alteration  of  stibnite. 
Spain ;  Tuscany ;  Hungary,  etc. ;  South  Ham,  Canada. 


3.  OXIDES  OF  TUE  Carbon-silicon  Group,  Series  II. 


QUARTZ. 

Rhoml>ohedral,  and  for  the  most  part  liemihedral  to  the  rhombohedron 
(or  tetartohedral  to  the  hexagonal  prism).  Ji  A  B  =  94°  15',  OAli  =  12S° 
13' ;  ^  =  1-0999.  i  A  2-2  =  142°  2^  R  A  -1,  ov.  i,  =  103°  34',  i?  A  -1,  adj., 
=  133°  44',  liAi,  ov.  2-2,  =  113^  8'.  Cleavage :  li,  —1,  and  i  very  iiidis- 
tinct:  sometimes  effected  by  plunging  a  heated  crystal  in  cold  water. 
Crj'stals  sometimes  very  8hc>rt,  but  general  habit  prismatic  j  the  crystals 
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much  elongated,  sometimes  fine  acicular;  usually  implanted  by  one 
extremity  of  the  prism.  Prismatic  faces  i  commonly  striated  horizontally, 
and  thus  distinguishable,  in  distorted  crystals,  from  the  nyi-amidal.  Crys- 
tals often  grouped  by  juxtapc^ition,  not  proper  twins.  Frequently  in  radi- 
ated masses  with  a  surface  of  pyramids,  or  in  druses  having  a  surface  of 
pyramids  or  short  crystals.  Twins :  twinnhig-plane,  (1),  the  basal  plane 
O  (f .  506) ;  very  generally  penetration-twins,  as  illustrated  in  f.  265,  p.  89. 
(2)  The  pyramid  1-2,  truncating  the  edge  between  -f  7^  and  —li,  divergence 
of  axes  84**  33',     Other  methods  of  twinning  rare,  parallel  to  i,  to  My  to 
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\Ry  etc.  (Jenzsch).     Also  in  pseudo-trillings  on  calcite,  with  2-2  as  the 
approximate  twinning-plane  (see  f.  336,  p.  101). 

Massive;    coarse    or  fine  granular  to  fiint-like   or   crypto-crystalline. 
Sometimes  mammillary,  stalactitic,  and  in  concretionary  forms. 
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H.=7.  G.=:2-6-2-8 ;  2-6413-2-6541  (Bendant).  Lustre  vitreous,  some- 
times inclining  to  resinous  ;  splendent — nearly  dull.  Colorless  when  pure ; 
often  various  shades  of  yellow,  red,  brown,  green,  blue,  black.  Streak 
wliite,  of  pure  varieties;  if  impure,  often  the  same  as  the  color,  but  much 
paler.  Transparent — opaque.  Fracture  perfect  conchoidal — subconchoi- 
dal.    Tough — brittle — ^friable.    Polarization  circular,  see  pp.  138-140. 


SM 


vs. 


Oomp^IHireiilicm,  or  ftK>s=<>z7g«m  53-33;  lilieoa-M-^rrlMi     In 

mixed  with  a  little  opalnnHca.     Impare  rftriecio  ccfciMn  ma.  ■eaqoxAxide.  calehziD 
claj.  Hand,  and  ▼ari'XM  minenU. 

var. — 1  Crj-Atallized  ^pbeoocrrnalUx^  .  rrtzeooft  tc  IfutPt.  3L  Flfst-tike.  iiimiii'h  .  ni 
tociTStaUiiie.  The  6nt  diiriiirA  in^^Ind^  all  ordinarj  Tiaosai  qrxaru.  vheth^r  haTin^ 
tailine  face*  or  not.  The  rarietua  under  the  aecond  are  in  general  acted  Txp^cL  aoinevhas  mocv 
by  attrition,  and  l^  chemical  agentji,  an  flaohjiric  add.  t2:an  iJbamt  ot  the  &xss.  In  a«l  kinds 
inade  ap  of  lajen,  aa  agate,  snooeMiTe  lajen  are  imeqaaaij  eroded. 

jL   PHEafOCXTffrALXXarE  ok  TiTREOUi  TARIETIE& 


1.  Ordinary  Cryttattited ;  B/kk  CryttaL  OAoilem  quartz,  or  nearfr  ao.  whether  in  dia- 
iinct  cryiitala  or  not. 

2.  AnUrvitM ;  SlUir  qnnrtz  Sterr.qoartz.  Germ.*.  Containing  within  the  crrstal  whitiah 
or  colored  radiations  along  the  diametral  plane*. 

3.  AmethjfiftiM ;  AnuthyH.  Clear  purple,  or  bhiieh-riolet.  The  color  ia  snppoeed  to  be 
dae  to  maDganeae. 

4.  Rate.  Row-red  or  pink,  bat  becoming  paler  on  exposore  Common  maflnre.  and  then 
nanallj  mnch  cracked.  Lostre  sometimes  a  little  greasr.  Fochs  stated  that  the  color  is  dne 
to  titanic  oxide.     It  maj  come  in  part  from  manganese. 

5.  Ye!U/\r  ;  FaUc  Tf/pm.  Yellow  and  pelincid,  or  nearlr  so :  resembling  somewhat  jeDow 
topaz,  bat  very  different  in  crystallization  and  in  absence  of  cleaTage. 

5.  Smoky,  Cairngf/rm  SU/m.  Smoky-jcUow  to  ssmoky-brown,  and  oft^n  transparent :  but 
▼arying  to  biowmsh- black,  ami  then  nearly  opaqae  in  thick  crystals.  The  color  ia  dae  to 
organic  oompoandA.  according  to  Forster. 

7.  MUky.  >Iilk-white  and  nearly  opaqne.  La<re  often  greasy,  and  then  called  Grtaty 
qoartz. 

8.  Ca€$  Eye  ^Katzenaoge.  G^rm.,.  Exhibiting  opalecoence.  bat  wichoat  prismatic  oolora, 
an  effect  dae  to  fibres  of  asbestas. 

9.  Attniurine,     Spangled  with  scales  of  mica  or  other  mineraL 

10.  Impure  from  the  pretence  of  ditftinrA  mi/teraU  distribated  densely  throagh  the  mass. 
The  more  common  kinds  are  tbone  in  which  the  imparities  are  :  (a)  Jermgiut**!*,  either  red  or 
yellow  iron  oxide;  ib)  c/iioritic^  some  kind  of  chlorite ;  tet  artirtciitie  ;  {d\  miencw^u^ ;  Kt\  are- 
mtceouM^  or  sand.  Qoartz  crystals  also  occur  penetrated  by  Tarioos  minerals,  as  topaz,  ooran- 
dam,  chiysoberyl,  garnet,  different  species  of  the  hornblende  and  pyroxene  gronps.  ratile, 
hematite,  gi'ithite,  etc.,  etc. 

CmUaining  liquuU  in  eatitiei.  These  liquids  are  seen  to  more  with  the  change  of  position 
of  the  crystal,  provided  an  air-bubble  be  present  in  the  cavity.  The  liquid  is  either  water 
(pore,  or  a  mineral  solution),  carbon  dioxide,  or  some  petroleum-like  or  other  compound. 

B.  Crtptocrtbtalline  Varietiim. 

1.  GhaSLudony,  Having  the  lustre  nearly  of  wax.  and  either  transparent  or  translucent. 
Color  white,  grayish,  pale-brown  to  dark-brown,  black  ;  tendon-color  common  ;  sometimes  deli- 
cate blue.  Also  of  other  shades,  and  then  having  other  names.  Often  mammiUar^*,  botryoi- 
dal,  stalactitic,  and  occurring  lining  or  filling  cavities  in  rocks.  It  is  true  quartz,  with  some 
disseminated  opaL 

2.  Canulvm.  A  clear  red  chalcedony,  pale  to  deep  in  shade ;  also  brownish-red  to  bro^ii, 
the  latter  kind  reddish-brown  by  transmitted  light. 

!i  Chrynoprnie.  An  apple-g^een  chalcedony,  the  color  due  to  the  presence  of  nickel 
oxide. 

4.  Ptqm,  Translaoent  and  dull  leek-green ;  so  named  from  ^rftaam-^  a  Utk.  Always  regarded 
as  a  st^me  of  little  value.     The  name  is  also  given  to  crystalline  quartz  of  the  same  color. 

5.  PUtMTria.  Jtather  bright-gpreen  to  leek-green,  and  also  sometimes  nearly  emerald -green, 
and  subtranslucent  or  feebly  translucent ;  sometimes  doited  with  white.  IldiMnipe,  or 
BUfod-sUme^  is  the  same  stone  essentially,  with  small  spots  of  red  jasper,  looking  like  drops  of 
blood. 

6.  Agate.  A  yariegated  chalcedony.  The  colors  are  either  banded  or  in  clouds,  or  due  to 
Tisible  impurities,  a.  Handed,  The  bands  are  delicate  parallel  lines,  of  white,  tendou-like, 
wax-like,  pale  and  dark-brown,  and  black  colors,  and  sometimes  bluish  and  other  shades. 
They  follow  waving  or  zigzag  courses,  and  are  occasionally  concentric  circular,  as  in  the  eye- 
agate.  The  bands  are  the  edges  of  layers  of  deposition,  the  agate  having  been  formed  by  a 
deposit  of  silica  from  solutions  intermittently  supplied,  in  irregular  cavities  in  rocks,  and 
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deriyingr  their  ooncentric  waving  courses  from  the  irregularities  of  the  walls  of  the  cavity. 
Owing  also  to  the  unequal  porosity,  agates  may  be  varied  in  color  by  artificial  means,  ft,  Ir- 
reguiarly  clouded.  The  colors  various,  as  in  banded  agate,  y.  Colant  due  to  visible  imjmritiea, 
including  Moss-agate^  filled  with  brown  moss-like  or  dendritic  forms  distributed  through  the 
mass ;  Dendritio  AgaUy  containing  brown  or  black  dendritic  markings.  There  is  also  Agatis^ 
wood  :  wood  petrified  with  clouded  agate. 

7.  Onyx.  Like  agate  in  consisting  of  layers  of  different  colors,  but  the  layers  ore  in  even 
planes,  and  the  banding  therefore  straight,  and  hence  its  use  for  cumeos,  the  head  being  cut 
in  one  color,  and  another  serving  for  the  background.  The  colors  of  the  best  are  perfectly 
well  defined,  and  either  white  and  black,  or  white,  brown  and  black  alternate. 

8.  Sa^rdonyx,  Like  onyx  in  structure,  but  includes  layers  of  camelian  (sard)  along  with 
others  of  white  or  whitish,  and  brown,  and  sometimes  black  colors. 

0.  Ja^upt^,  Impure  opaque  oolored  quartz,  (a)  Red  iron  sesquioxide  being  the  coloring 
matter,  {b)  Brownish^  or  oc/ireyeUow,  colored  by  hydrous  iron  sesquioxide,  and  becoming  red 
when  so  heated  as  to  drive  off  the  water,  (c)  Dark-green  and  brownish-green,  {d)  Grayish- 
blue.  (£)  Blackish  or  brownish-black.  (/)  Striped  or  riband  jasper  (Bandjaspis,  Germ.), 
having  the  colors  in  broad  stripes,  {g)  Egyjytian  jasper,  in  nodules  which  are  zoned  in  brown 
and  yellowish  colors.  Porcelain  jasper  is  nothing  but  baked  clay,  and  differs  from  true  jasper 
m  being  B.B.  fusible  on  the  edges.  Hed  porphyry^  or  its  base,  resembles  jasper,  but  is  also 
fusible  on  the  edges,  being  usually  an  impure  feldspar. 

10.  Agate-Jasper.    An  agate  consisting  of  jasper  with  veinings  and  cloudings  of  chalcedony. 

11.  Siliceous  sinter.  Irregularly  cellular  quartz,  formed  by  deposition  from  waters  contain* 
ing  silica  or  soluble  silicates  in  solution. 

12.  ^Unt  (Feuerstein,  Germ. ).  Somewhat  allied  to  chalcedony,  but  more  opaque,  and  of 
dull  colors,  usually  gray,  smoky-brown,  and  brownish-black.  The  exterior  is  often  whitish, 
from  mixture  with  lime  or  chalk,  in  which  it  is  imbedded.  Lustre  barely  glistening,  sub- 
vitreous.  Breaks  with  a  deeply  conchoidal  fracture,  and  a  sharp  cutting  edge.  The  Hint  of 
the  chalk  formation  consists  largely  of  the  remains  of  infusoria  (Diatoms),  sponges,  and  other 
marine  productions.  The  coloring  matter  of  the  common  kinds  is  mostly  carbonaceous 
matter. 

13.  Homstone  (Homstein,  Germ.).  Resembles  flint,  but  more  brittle,  the  fracture  more 
splintery.  Chert  is  a  term  often  applied  to  homstone,  and  to  any  impure  flinty  rock,  includ- 
ing the  jaspers. 

14.  Basanite,  Lydian  Stone  or  Touchstotie.  A  velvet-black  siliceous  stone  or  flinty  jasper, 
used  on  account  of  its  hardness  ami  black  color  for  trying  the  purity  of  the  precious  metalt. 
The  color  left  on  the  stone  after  rubbing  the  metal  across  it  indicates  to  the  experienced  eye 
the  amount  of  alloy.    It  is  not  splintery  like  homstone. 

Pyr.,  etc. — B.B.  unaltered ;  with  borax  dissolves  slowly  to  a  clear  glass ;  with  soda  dis- 
solves with  effervescence  ;  unacted  upon  by  salt  of  phosphorus.  Insoluble  in  hydrochloric 
acid,  and  only  slightly  acted  upon  by  solutions  of  fixed  caustic  alkaUes.  When  fused  and 
cooled  it  becomes  opal-silica,  having  G.  =2*2. 

Diff. — Quartz  is  distinguished  by  its  liardness — scratching  glass  with  facility ;  infusibility 
— not  fusing  before  the  blowpipe  ;  insoluMlity — not  attacked  by  water  or  the  acids ;  uncleava- 
bility — one  variety  being  tabular,  but  proper  cleavage  never  being  distinctly  observed.  To 
these  charzicteristics  the  action  of  soda  B.  B.  may  be  added. 

Obs. — Quartz  occurs  as  one  of  the  essential  constituents  of  g^ranite,  syenite,  gneiss,  mica 
schist,  and  many  related  rocks  ;  as  the  principal  constituent  of  quartz-rock  and  many  sand- 
stones ;  as  an  unessential  ingredient  in  some  trachyte,  porphyry,  etc.  ;  as  the  vein-stone  in 
various  rocks,  and  for  a  large  part  of  mineral  veins ;  as  a  foreign  mineral  in  the  cavities  of  trap, 
basalt,  and  related  rocks,  some  limestones,  etc. ,  making  geodes  of  crystals,  or  of  chalcedony, 
agate,  camelian,  etc. ;  as  imbedded  nodules  or  masses  in  various  limestones,  constituting  the 
flint  of  the  chalk  formation,  the  homstone  of  other  limestones — these  nodules  sometimes 
becoming  continuous  layers ;  as  masses  of  jasper  oocasionally  in  limestone.  It  is  the  principal 
material  of  the  pebbles  of  gravel  beds,  and  of  the  sands  of  the  sea-shore  and  sand  beds  every- 
where. Silica  also  occurs  in  solution  (but  mostly  as  a  soluble  alkaline  silicate)  in  heated 
natural  waters,  as  those  of  the  Geysers  of  Iceland,  New  Zealand,  and  California,  and  the 
Yellowstone  Park,  and  very  sparingly  in  many  cold  mineral  waters. 

Switzerland,  Dauphiny,  Piedmont,  the  Carrara  quarries,  and  numerous  other  foreigpa  locali- 
ties, afford  fine  specimens  of  rock  ci^stal.  Amethysts  are  brought  from  India,  Ceylon,  and 
Persia,  also  Transylvania.  The  amygdaloids  of  Iceland  and  the  Faroe  Islands,  afford  magni- 
ficent specimens  of  chalcedony;  also  Hiittenberg  and  Loben  in  Cariuthia,  etc.  The  finest 
carneliafut  and  agates  are  found  in  Arabia,  India,  Brazil,  Surinam,  Oberstein,  and  Saxony. 
Cat's  eye,  in  Ceylon,  the  coast  of  Malabar,  and  also  in  the  Harz  and  Bavaria.  Heliotrope^  in 
Bucharia,  Tartary,  Sibeiiaw 
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In  New  York,  qoarfcz  crystals  are  abundant  in  Herkimer  Go.  Fine  dodecahodral  ciystals, 
at  the  beds  of  speoular  iron  in  St.  Lawrence  Co.  In  Antwerp,  Jefferson  Co.,  at  Diamond 
Island  and  Diamond  Point,  Lake  George,  Pelham  and  Chesterfield,  Mass. ,  Paris  and  Perry, 
Me.,  BentoD,  N.  H.,  Sharon,  Vt.,  Meadow  Mount,  Md.,  and  Hot  Springs,  Ark.,  are  other 
localities  of  quartz  crystal.  For  other  ioculities,  see  the  catalogue  of  localities  in  the  latter 
part  of  this  volume. 

l^fsc  qxuirtz^  at  Albany  and  Paris,  Me. ,  Acworth,  N.  H. ,  and  elsewhere  ;  mnoky  quartz^  at 
Goshen,  Mass.,  liichmoud  Co.,  N.  Y.,  Pikers  Peak,  Colorado,  etc. ;  amet/tystt  at  Keweenaw 
Point  and  Thunder  Bay,  etc,  Lake  Superior;  also  at  Bristol,  Rhode  Island,  near  Greensboro, 
N.  C.  ;  Specimen  Mountain,  Yellowstone  Park.  Crystallized  green  quartz,  at  Providence, 
Delaware  Co.,  Penn. ;  at  Ellen ville,  N.  Y.  Chalcedony  and  agates  about  Lake  Superior,  the 
Mississippi,  and  the  streams  to  the  west,  etc.  Red  jasper  is  found  in  pebbles  on  the  banks  of 
the  Hudson  at  Troy  ;  red  and  yellow,  near  Murphy's,  Calaveras  Co. ,  Cal.  Heliotrope  occupies 
veins  in  slate  at  Bloomingrove,  Orange  Co. ,  N.  Y. 

Several  varieties  of  this  species  have  long  been  employed  in  jewelry.  The  amethynt  has 
always  been  esteemed  for  its  beauty.  Cameos  are  in  general  made  of  onyx,  which  is  well 
fitted  for  this  kind  of  miniature  sculpture.  Jasper  admito  of  a  brilliant  polish,  and  is  often 
formed  into  vases,  boxes,  knife-handles,  etc.  It  is  also  extensively  used  in  the  manufacture 
of  Florentine  mosaics.  The  camelian  is  often  rich  in  color,  but  is  too  common  to  be  much 
esteemed ;  when  first  obtained  from  the  rock  they  are  usually  gray  or  grayish -red ;  they 
receive  their  fine  colors  from  an  exposure  of  several  weeks  to  the  sun's  rays,  and  a  subsequent 
heating  in  earthen  pots.  The  colors  of  agate,  when  indistinct,  may  be  brought  out  by  boil- 
ing  in  oil,  and  afterward  in  sulphuric  acid ;  the  latter  carbonizes  the  oil  absorbed  by  the 
porous  layers,  and  thus  inoreases  the  contrast  of  the  different  colors. 


TRIDTMITB. 


Hexagonal.     1 A 1  =  124°  3'  (basal) ;  1 A 1  =  127°  35'  (terminal) ;  h  = 

1*6304  (v.  Rath).  Cleavage  O^  imperfect.  Crys- 
tals minute,  commonly  tabular  (f.  507),  formed 
by  the  prism  and  basal  plane  ;  also  frequently  in 
twins  and  trillings  witli  (1)  ^,  and  (2)  f  as  the 
twinning- planes.  Double  refraction  positive. 
II.=:7.  G.=2-282-2-326.  Lu^re  vitreous,  on 
the  face  pearly.  Colorless,  becoming  white  on  weathering.  Fracture  con- 
choidal. 


Oomp. — Pure  silica,  or  SiOa,  like  quartz. 

P3rr. — B.  B.  infusible.  Fuses  in  soda  with  efferrescenoe,  forming  a  colorless  glass.  Soluble 
in  a  boiling  saturated  solution  of  sodium  carbonate. 

Obs. — First  found  in  cavities  in  the  trachyte  from  Cerro  St.  Cristoval,  near  Pachaca, 
Mexico.  Also  in  the  trachyte  of  the  Siebengebirge,  and  in  related  rocks  from  many  localities. 
Forming  on  one  occasion  the  mass  of  white  volcanic  ashes,  from  the  island  Vulcano.  Also 
in  microscopic  crystals  inclosed  in  opal,  and  in  quartz. 

AsMANFTE  {Mnttkelyne). — ^A  third  form  of  silica,  ciystallizing  in  the  orthorhombic  intern, 
**isomorphou8  with  brookite."  H.  =5*5.  G.=2*245.  Found  in  very  minute  crystalline 
grains,  generally  rounded,  in  the  meteorio  iron  of  Breitenbach. 


OPAZi. 


Massive,  amorphous;  sometimes  small  reniform,  stalactitic,  or  large 
tuberose.     Also  earthy. 

H.=5*5-6'5.  G.=l'9-2'3.  Lustre  vitreous,  frequently  subvitreoue ; 
often  inclining  to  resinous,  and  sometimes  to  pearly.     Color  white,  yellow, 
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red,  brown,  green,  gray,  generally  pale ;  dark  coloi'S  arise  from  foreign 
admixtures ;  sometimes  a  rich  play  or  colors,  or  different  colors  by  refracted 
and  reflected  light.     Streak  white.     Transparent  to  nearly  opaque. 

Oomp. — Silica,  SiO^,  as  for  quartz,  the  opal  condition  being  one  of  lower  degrees  of  hard- 
ness and  specific  gravity.  Water  is  usually  present,  but  it  is  regarded  as  unessentiaL  It 
varies  in  amount  from  2  to  21  p.  o. ;  or,  mostly,  from  8-9  p.  c. 

Var. — 1.  Precious  Opal.  Exhibits  a  play  of  delicate  colors,  or,  as  Pliny  says,  presents  various 
refulgent  tints  in  succession,  reflecting  now  one  hue  and  now  another.  Seldom  larger  than  a 
hazel-nut.     Doubly  refracting  (biaxial),  Be/trens. 

3.  Fire-opal.  Hyacinth-red  to  honey-yeUow  colors,  with  fire-like  reflections  somewhat  irised 
on  turning. 

3.  Oiranol.     Bluish-white,  translucent,  with  reddish  reflections  in  a  bright  light. 

4.  Common  Opal.  In  part  translucent ;  (a)  milk-white  to  greenish,  yellowish,  bluish ;  {b) 
Mesin-apal  (Wachsopal,  Pechopal,  Germ.)^  wax-,  honey-  to  ochre-yeUow,  with  a  resinous 
lustre :   {c)  dull  olive-green  and  mountain-green  ;  [d)  brick -red. 

5.  Uacholong,  Opaque,  bluish-white,  porcelain* white,  pale-yellowish  or  reddish ;  often 
adheres  to  the  tongue,  and  contains  a  little  alumina. 

6.  Opal-agate.     Ag^te-like  in  structure,  but  consisting  of  opal  of  different  shades  of  color. 

7.  Janp-opal.  Opal  containing  some  yellow  iron  sesquioxide  and  other  impurities,  and  hav- 
ing the  color  of  yellow  jasper,  with  the  lustre  of  common  opaL 

8.  Woodropal  (Holzopal,  Oerm. ).     Wood  petrified  by  opal. 

9.  Hyalite.  Clear  as  glass  and  colorless,  constituting  globular  concretions,  and  also  crusts 
with  a  globular,  reniform,  botryoidal>  or  stalactitio  surface ;  also  passing  into  translucent, 
and  whitish. 

10.  Fiorite^  Siliceous  Sinter.  Includes  translucent  to  opaque,  grayish,  whitish,  or  brownish 
incrustations,  porous  to  firm  in  texture ;  sometimes  fibrous  like  or  filamentous,  and,  when  so, 
pearly  in  lustre,  formed  from  the  decomposition  of  the  siliceous  minerals  of  volcanic  rocks 
about  fumaroles,  or  from  the  siliceous  waters  of  hot  springs.  It  graduates  at  times  into 
hyalite.  Qeyserite  constitutes  concretionary  deposits  about  the  Iceland  and  Yellowstone 
{pealite)  geysers,  presenting  white  or  grajrish,  porous,  stolactitic,  filamentous,  cauliflower- 
like forms;  also  compact-massive,  and  scaly  -  massi  ve ;  H.=5;  rarely  transparent,  asnally 
opaque  *  sometimes  falling  to  powder  on  drying  in  the  air. 

11.  Float-stone.  In  light  concretionary  or  tuberose  masses,  white  or  grayish,  sometimes 
cavernous,  rough  in  fracture.  So  light,  owing  to  its  spongy  texture,  as  to  float  on  water. 
The  concretions  sometimes  have  a  flint-like  nucleus. 

12.  TripoUte.  Formed  from  the  siliceous  shells  of  Diatoms  and  other  microscopic  species, 
as  first  mode  known  by  Ehrenberg,  and  occurring  in  deposits,  often  many  miles  in  area,  either 
uncompacted,  or  moderately  hard.  Infusorial  tHarth^  or  Enrthy  Tripclitt^  a  very  fine-grained 
earth  looking  often  like  an  eartny  chalk,  or  a  clay,  but  harsh  to  the  feel,  and  scratching  glass 
when  rubbed  on  it. 

PjH^.,  etc. — Yields  water.  B.B.  infusible,  but  becomes  opaque.  Some  yellow  varieties, 
containing  iron,  turn  red. 

Obs. — Occurs  filling  cavities  and  fissures  or  seams  in  igneous  rocks,  porphyry,  and  some 
metallic  veins.  Also  imbedded,  like  flint,  in  limestone,  and  sometimes,  like  other  quartz 
concretions,  in  argillaceous  beds ;  also  formed  from  the  siliceous  waters  of  some  hot  springs ; 
also  resulting  from  the  mere  accumulation,  or  accumulation  and  partial  solution  and  soliSfi- 
cation,  of  the  silioeous  shells  of  infusoria — ^which  consist  essentially  of  opal-silica. 

Predaus  opal  occurs  in  Hungary ;  in  Honduras ;  and  Mexico.  Fire  opal  occurs  at  Zimi^[>an 
in  Mexico ;  Faroe  ;  near  San  Antonio,  Honduras.  Common  opal  is  abundant  at  Telkebanya 
in  Hungaxy;  in  Moravia;  in  Bohemia ;  Stenzelberg  in  the  Siebengebirge ;  Faroe,  Iceland; 
the  Giant^s  Causeway,  at  many  localities.  In  U.  S.,  hya4U  occurs  sparingly  in  N.  York,  at 
the  Phillips  ore  bed,  Putnam  Co. ;  in  Georgia,  in  Burke  and  Scriven  Cos.;  in  Washington  Co., 
good  fire  opal.     At  the  Geysers  on  the  Fire  Hole  river,  Yellowstone  Park,  geyserite  is  abundant. 

The  precious  opal,  when  large,  and  exhibiting  its  peculiar  play  of  colors  in  perfection,  is  a 
gem  of  high  value.     It  is  cut  with  a  convex  surface. 

MELANOPHLOorrs  (Lasaux). — Occurs  in  minute,  colorless,  cubes  coating  sulphur  crystals 
from  Girgenti,  Sicily.  Contains  SiOa  86-3  p.  c,  SOj  7*2,  HaO  2-9  ;  chemical  nature  doubt- 
ful.    Turns  black  upon  ignition,  hence  the  name. 


II.  TERNARY  OXVGEN  COMPOCNDS. 


1.  HIUCATEM.— A.  ASHYDROC3  SILICATES. 


a,  ^iiMLV.ATtA.    Gexeiul  Fokmcla  RSiOp 


i'l)  Amj^ihtJe  Orr/up,     I'l/r-fxene  ^."tion, 

EMaTATiTU.    Broxzite.    I^otAbwtiM. 

OrtIi'trii'.ml»ir;,     //  /=  S^' IT  aii'l  :»l'  44'  I'Brvitei'W-L  meteorite,  i 


r-^f^ir 


I^tng,;  r:f,:d  =  O-S^-^s;*  :  It'SMv! :  1.  Cleavajre:  /, 
bfiRV  ;  i-i,  i-'i.  lei-ri  »>.  S'fiiietitiies  a  lilnT^us  appcaratitx 
'ill  t)ic  r:If:avii;!';-iiiirfa';C.     A1h>  iiia»ive  aiiij  laiiifUar. 

Jl,=5-5.  G.  =  3'l-3'3.  Luotre  a  little  i<early  uii 
c]tai\Hf£i:-Mtrftii:t^  tn  vitre<jii»  ;  'ifttii  tiittallnidal  in  tli^ 
Immzitc  variwy.  CnW grayisli-white, yelimiirih-wliitt', 
}fn.-(:iiihh- white,  to  <jlive-jrrt-t-ii  and  brt'wii.  i^treak  iiii- 
coton^J,  jfrayii-li.  Double  refractKni  p-^itive;  <iptic- 
axial  plane  briic)iy(Iiag«jiial ;  axes  ven-  divergeut 

Ooinp.,Tar^MgSiO,=Si]iiaG0,iiugnesu40=100;  also  Tlg-Ve) 
HiO.. 

Var.  1.  WitA  littin  or  lui  in/a;  Knttiillt».  Color  whit«,  jellowub.  giuTuh.  or  greeuish- 
wblKi;  IiHrtrn  pmrlr-vitreouii ;  O.  =:|-)ft-:M:).  UhladnUe.  nbicb  niakea  np  9U  p.  c.  of  the 
Riafafrptlllii  mntMiritfr,  beloDipi  here  uid  in  the  pnreet  kind ;  Victoritt  \iteuiti«r„  from  the 
thmm  'Chill,  maUxirin  inin  \»  prolrablj  iilnntictki. 

it.  FfTrifrravM;  Ifruntite.  Colot  gmyinh-KreeD  Ui  olive-green  and  brawn;  limtreofcleaT' 
■|[e-NnrfBRii  Hl>iniuit>lnH  jwarl;  to  mihineuJIic  or  bronze-like.  The  rotio  of  SIj;  :  Fe  varieH 
ttma  tl  !  1  bill  :  I.  Anklyiuii  o(  brunziic  [niui  Leipvrvilte  by  Piaaui,  StO,  5T-0»,  M.O,f»-iti, 
VtOti-n.  MbOOT-.W.  H,O01«-tHIIJ2. 

Pv^x  •!«.— It.ll,  nliniwt  infuiiible,  being  onlj  slig'htl]'  rounded  on  the  thin  edges;  F.  =  lt. 
Inwiliiblu  in  hydriMihlorio  add. 

Dlfl.    -IMHtirjKuiiihed  \>y  itii  Infiuibility  from  TKrietiea  of  Kmphibole.  which  it  Tpsrmbtes. 

Obii.-  fjMiiini  |iR»r  Alojvthal  iu  Moravia;  in  theVoHgeii;  at  Kiipfcrberg  in  Kavaha  ;  nt 
Ilantii  In  till!  tlant  ( I'rulnbii'tilur,  in  llin  ahrjsolite  bomb"  in  the  Kifel ;  in  iraineuw;  iTj-stiilit 
with  ujiutjlji,  nnur  llunito,  Norwoy.  in  PennK^lvonia,  at  Ltipervllle  and  Teiaa  ;  at  Bruwbter, 
H.  r.     IlrotiKiKi  JH  (|iiit«  common  in  niet«orit«B. 

DmCiointuiiK  flnl  diiflned  the  liinibi  of  thin  apocies.  as  here  laid  down. 

Numi^d  rnun  'irrrirTii,  an  I'llKinciU,  hocauHC  bo  retractor;.  The  name  bromite  bos  prioritj, 
bill  a  brouiu  luiitro  in  tiut  vweutial,  and  it  far  fram  univeiraL 


BTPBRSTHEim. 


Ortliorlioinltic  I A  1=91°  32J,  DesCloizoaax  (Mt  Doi-6);  91°  40', 
V.  ]iiit)i  {iivi/iii/H/effii").  CleuvRgc :  i-i  perfect,  /  and  i-l  distinct  but  inter- 
ritplc'd.     (iHtially  foliiited  nitittsive. 

11..  .5-«.  (i.=;j;jll2.  LiiHtit)  Boniewliat  pearly  on  a  cleavafje-eiirface, 
and  uoiiiutiniOH  a  littlu  iiivtalloidal ;  ofteii  with  a  peculiar  iridetjcence  due 
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to  the  presence  of  niiiinte  enclosed  tabular  crystals  (brookite?)  in  parallel 
position  (Koeinann).     Color  dark  brownish -green,  gray- 
ish-black,   greenish- black,    pinchbeck-brown.      Streak  509 
ijrayish,  brownish-gray.     Translucent  to  nearly  opaque, 
"rittle.     Optic-axial  plane  b rachy diagonal ;  axes  very 
divergent ;  bisectrix  negative. 


I' 


Comp.— (Mg,Fe^SiO,  with  Fe  :  Mg-1  :  5,  1:3,  etc  If  Fe  to 
Mg-1  :  2  the  formula  requires  SiOa  ^4-2,  FeO  21-7,  MgO  24-1=100. 

P3rr.,  etc. — B.B.  fusea  to  a  black  enamel,  and  on  charcoal  yields  a 
magnetic  mass.     Partially  decomposed  by  bjdrochloric  acid. 

Obs. — Hypersthene  occurs  at  Isle  St.  Paul,  Labrador  in  Canada ; 
at  the  Isle  of  Skye  ;  in  Greenland  ;  Norway ;  Ronsberg  in  Bohemia  ; 
the  Tyrol ;  Elfdalen  in  Sweden ;  Laacher  See  (ainblyategite, ;  Voigt- 
land  ;  in  trachyte  of  Mt.  DoWi,  Auvergne. 

In  chemical  composition,  enntatite  (and  bromite)^  and  hypersthene 
belong  together,  since  they  grade  insensibly  into  each  other ;  and  in 
crystalline  form  they  are  identical.    The  essential  difference  between 
them,  according  to  DesOloizeaux,  lies  in  the  axial  dispersion  which  is  uniformiy  p  <  v  for 
enstatite,  and  p  >  v  for  hypersthene. 

DiACLABiTE. — Near  bronzite ;  differs  in  optical  characters.     (Mg,Fe,Ca)SiOs.     Harzbuig; 
Guadarrama,  Spain. 


Mt.  Dore. 


WOLLA8TONITB.    Tabular  Spar.     Tafelspath,  Oerm, 

Monoclinic.  0=  69°  48',  /A  /  =  87°  28',  O  A  2-i  =  137°  48' ;  ^  :  J  :  i 
=  U-4338  :  0-89789  :  1.  Fig.  510  in  the  pyroxene  or  normal  position,  but 
with  the  edge  0/i-i  the  obtuse  edge  ;  f.  511  in  the  position  given  the  crys- 
tals bv  authors  who  make  i-i  the  plane  O,  and  24  the  plane  /.  O  A  —  l-i 
=  160°  30',  O  A 14  =  154"  25',  i-i  A  -  2  =  132^  54',  i-i  A  2  =  93°  52'. 
Rarely  in  distinct  tabular  crystals.  Cleavage :  O  most  distinct ;  i-i  less 
80 ;  1-i  and  —  1-i  in  traces.  Twins :  twinning-plane  i-i.  Usually  cleav- 
able  massive,  with  the  surface  appearing  long  fibrous,  fibres  parallel  or 
reticulated,  rather  strongly  coherent. 
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II. =4*5-5.  G.=2'78-2'9.  Lustre  vitreous,  inclining  to  pearly  upon 
the  faces  of  perfect  cleavage.  Color  white,  inclining  to  gray,  yellow,  red, 
or  brown.  Streak  white.  Subtransparent — translucent.  Fracture  uneven, 
sometimes  very  tough.  Optic-axial  plane  i-i  ;  divergence  70°  40'  for  the 
red  ravs  ;  bisectrix  of  the  acute  angle  negative;  inclined  to  a  normal  to  i-i 
57°  48',  and  to  a  normal  to  O  12°,  DesCf 


S70  DEMTRIPTTTE  VnCEBALOGT. 

Oo^>^-CfcSiO,=8ai«51-7.  lime4*-3  =  10O. 

Pyr^  atCr-lD  the  mmtimMoo  chao)^.  B.B.  fnaeB  euilT  on  ihe  edges;  willi  Mue  ■ 
Ufibbr  glsMi.  with  tnOK.  nrelb  ap  uid  uinfiuible.  With  bjdrochloricacidKelatmiu*; 
variftttt*  efltTTeMK  iJighllj  from  the  preseiice  of  calcite. 

DflL_DjSen  trom  aiibcfrtiu.  and  tremalite  in  rormii^;  a  jri);  ■rith  acidn.  ai  also  br  its 
Tibfiat  fractote  :  ftu-ea  lew  readUj  than  nalrolit^  and  MMlecite ;  vhen  pan  doee  not 
Tflao«  with  aiddK  like  the  catbonaCea. 

Oba- — ViMwifmite  ia  fmind  in  rtgiom  of  granite  and  grannlar  limerione ;  ainoinbaai 
laTaa.     OcL-uni   m   Hnngsi?;  in   FinlaDd;  and  in   Xorwaj;  at  Gurknin  in  SwnJpD 
Haiz;  at  Anerbach,  in  gianolai  liiaestime;  at  VesoTioa.     In  the  U.  S..  in  .V  Yari.i 
braon^  ;  at  L«wia ;  Diana.  Lewis  Co.     In /Viin.,  Uncki  Co.     At  the  CiiS  Mine. 
PoiDt,  Lake  Saperioi:    In  Cuwula,  at  GreDville. 


eSer- 

Jtand 
in  tfa« 


Monoclinic.  e=7S°59',  /a/=«7'5',  0A.2-i  =  UV  17';  e:b:d 
=  (J-5412  :  001346  :  1.  0/7=100=57',  Oa— l-i  =  155''  51',  Orl-i 
=  14S'-  35'.  O.'  -l=14fi'  »',  6'A1  =  137='  49',  -1A-1  =  131'  24'. 
Cltav^e :  /  rather  perftot,  often  iiitcrriij>ted ;  i-i  Boinetimcs  nearly  per- 


fect; t-t  imperfect ;  O  pometiincs  eapy,     Cryptale  iieiiaHy  thick  and  ^tont 
Twiiib:  twiniiin{*-p]anei-t  (f.5iil).     Often  eonrRc  lamellar,  in  large  masfies, 

garallcl  to  O  or  i-i.     Also  granular,  particles  coaree  or  fine ;  and  fibmiis, 
bree  often  line  and  long. 

n.=5-fi.  G.-:3-23-3-5.  Lnetre 
'^  vitreous,  inclining  to  resinous ; 

eoine  pearly.  Color  preen  of 
varions  shades,  verginj;  on  one 
side  to  white  or  grayish -white, 
and  (in  the  other  to  brown  and 
black.  8treak  white  to  gray  and 
grayish -green.  Traiispaieiit  — 
opaque.  Fracture  conchoidal — 
uneven.  Brittle.  In  crAstala 
from  Fassa,  optic-axial  plane  J-i; 
divergence  110°  to  113°;  bisec- 
trix of  the  acute  angle  positive, 
inclined  51°  6'  to  a  normal  to  i-i  and  22°  55'  to  a  normal  to  O,  DesCl. 
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Comp.,  Var. — A  bisilicate,  having  the  general  formnla  BSiOj,  where  R  may  be  Ca,Mg, 
Fe,Mn,  sometimea  also  Zn,Kat,Naa.  Usually  two  or  more  of  these  bases  are  present.  The 
first  three  are  most  common ;  but  calcium  is  the  only  one  that  is  present  always  and  in  laige 
percentage.  Besides  the  substitutions  of  the  above  bases  for  one  another,  these  same  bases 
are  at  times  replaced  by  Al,Fe,Mn,  though  sparingly,  and  the  silicon  occasionally  by  alumi- 
num. 

The  varieties  proceeding  from  these  isomorphous  substitutions  are  many  and  diverse  ;  and 
there  are  still  others  depending  on  the  state  of  crystallization.  The  foliated  and  fibrous 
kinds  early  received  separate  names,  and  for  a  while  were  regarded  as  distinct  species.  Fibrous 
or  columnar  forms  are  very  much  less  common  than  in  hornblende,  and  lamellar  or  foliated 
kinds  more  common.  The  crystals  are  rarely  long  and  slender,  or  bladed,  like  those  of  that 
species. 

The  most  prominent  division  of  the  species  is  into  (A)  the  non-aluminous  ;  (B)  the  alumi- 
nous. But  the  former  of  these  groups  shades  imperceptibly  into  the  latter.  These  two  groups 
are  generally  subdivided  according  to  the  prevalence  of  the  different  protoxide  elements. 
Yet  here,  also,  the  gradation  from  one  series  to  another  is  in  general  by  almost  insensible 
shades  as  to  composition  and  chemical  characters,  as  well  as  all  physical  qualities. 

L  Containing  littlb  or  no  Alumina. 

1.  Lime-Magnesia  Pyroxene;  Malacolitk.  Diopside,  Alalite,  White  Coccolite.  Color 
white,  yellowi^,  grayish-white  to  pale  green.  In  crystals :  cleavable  and  granular  massive. 
Sometimes  transparent  and  colorless.  G.  =3  '2-3  '88.  Formula,  OaMgSiaOs = Silica  55  '6,  mag- 
nesia 18 '5,  lime  25*9.     Sometimes  Ca  :  Mg=l  :  2 ;  less  than  4  p.  c.  of  iron  are  present. 

2.  lAme- Magnesia- Iron  Pyroxene  ;  Sahlite.  Color  grayish-green  to  deep  green  and  black ; 
sometimes  grayish  and  yellowish- white.  In  crystals  ;  also  cleavable  and  granular  massive. 
G.  =3 '25-3*4.  Named  from  Sala  in  Sweden,  one  of  its  localities,  where  the  mineral  occurs 
in  masses  of  a  grajrish-green  color,  having  a  perfect  cleavage  parallel  to  the  basal  plane  ( Oy 
Formula  (Ca,Mg,Fe)SiO,.  The  ratio  of  Ca  :  Mg  :  Fe  varies  much,  =3  :  3  :  1,  2  :  2  :  l,etc.  The 
ratio=4  :  3  :  1,  corresponds  to  silica  53 '7,  magnesia  13  4,  lime  24*9,  iron  protoxide  8  0=100. 

DiALLAOE.  Part  of  the  so-called  diaUage^  or  thin- foliated  pyroxene,  belongs  here,  and  the 
rest  under  the  corresponding  division  of  the  aluminous  pyroxenes.  Color  grayish-green  to 
bright  grass-green,  and  deep  green;  lustre  of  cleavage  surface  pearly,  sometimes  metailoidal 
or  brassy.  H.=4.  G.  =3*2-3  35.  Composition  near  the  preceding ;  analysis  by  vom  Bath, 
Neurode,  SiO,  63 '60,  AlO,  1  '99,  FeO  8-95,  MnO  0*28,  MgO  1308,  CaO  21  *OtJ,  H.O  0 '8(3 =99 '82. 
With  this  variety  belongs  part  also  of  what  has  been  called  liypersihene  and  bromite — the  part 
that  is  easily  fusible.  Common  especially  in  serpentine  rocks.  Named  from  dia'A.?jj}f/^  dif- 
ference^ in  allusion  to  the  dissimilar  cleavages. 

3.  Iron-LimA  Pyroxene.  Hedenberoite.  Color  black.  In  crystals,  and  also  lamellar 
massive  ;  cleavage  easy  parallel  to  i-i.  G.  =3 '5-3*58.  Formula  CaFeSiaOfl  (Mg  being  absent) 
=  Silica  4839,  lime  2218,  iron  protoxide  29*43=100.  Asteroite  is  a  similar  pyroxene  con- 
taining also  Mn  (Igelstrom),  Sweden. 

4.  Lime-Iron-Maiiganese- Zin4i  Pyroxene  ;  Jeppersonite.  Color  greenish-black.  Crystals 
often  very  large  (3-4  in.  thick),  with  the  angles  generally  rounded,  and  the  faces  uneven,  as 
if  corrotled.  G.=3-36.  Analysis,  Franklin,  N.  J.,  by  Pisani,  SiO,  45*95,  AlO,  0*85,  FeO 
8-91,  MnO  10'20,  ZnO  1015,  CaO  21*55,  MgO  3*01,  ign  0'35=101*57. 

II.  Aluminous. 

Muminma  lAme-Magnesia  Pyroxene;  Leucaugite  (Dana).  Color  white  or  grayish. 
Analysis,  Bathurst,  C,  by  Hunt,  SiO,  51*50,  AlO,  6*15,  ¥eO»  0  35,  MgO  17-69,  CaO  2380, 
H5O  110=100'59.  Looks  like  diopside.  H.=6*5.  G.=8*19.  Hunt.  Named  from  An»wr, 
white. 

Aluminous  lAme-Magnesia-Iron  Pyroxene  ;  Fassaite,  Auqite.  Color  clear  deep-green  to 
greenish-black  and  black ;  in  crystals,  and  also  massive ;  subtranslucent  to  opaque.  G. 
=3*25-3*5.  Contains  iron,  with  calcium  and  magnesium,  also  aluminum.  Analysis  of  aug^te 
from  Montreal  by  Hunt,  SiOa  49-40,  2UO3  6'70,  FeO,  783,  MgO  13-06,  CaO  21'88,NaaO  074, 
HjO  0-50= 100- 11. 

a.  FassaiU  (or  Pyrgom),  Includes  the  green  kinds  found  in  met>amorphic  rocks.  Named 
from  the  locality  at  Fassain  Piedmont,  which  affords  deep-green  crystals,  sometimes  pistachio- 
grreen,  like  the  epidote  of  the  locality. 

b.  Augite.  Includes  the  greenish  or  brownish-black  and  black  kinds,  occurring  mostly  in 
eruptive  rooks,  but  also  in  metamorphia    Named  from  ivyi^,  IvMre, 
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Pyr^  etc — VuTfnif  -sriiiftly.  iwtxKf  td  -in*  Tui<^  ru:ao«iu  Ji  suxipnitiiian  in  'Jie  filfpiPTit 
▼arierien.  aurl  ^^tT.»»■n  hy  [niw^tMihle  .fmlacinnji.  p-iAhdirj.  frn^  die  limririit  nfnMhie^  iiailJUR 
to  't'T'i  in  'ii'ipflifti* :  ->  1  ji  «uiiii>» .  i  Ji  ;t*«ferw>iute  imi  inynre  .  •  *  jl  zetitnatsxspxx:.  Vj^ 
rii!Ci«M  rcti  in  ,.mn  atfitiri  a  ouupiffnn  ipmniR  whtio.  frued  m  :iuLn;i'«L  imi  in  ^mtsai  dbor 
fiuibtiity  r.'»r:e8  nui  she  amnvixu:  of  imn.  J*iiK»sunice  {ires  ^vrth.  4uiia  in.  -mATcoai  a  3 
for  zinrr  .im  1  mancpnisw :  many  ocheza  lido  ^rre  :r:di  -sie  •*"'*'***  :xM:rLuiu  ^r  aan^amede. 
VBri«»rif^  are  inar,tM(i  npon  by  ^eida. 

DUE — T*i»fi:  Ampiub<kit».  p.  'J73. 

Ob« — PyriiXiine  ui  a  <v)nimoa  TUTierai  in  ?r7*fcalllne  'Jnu^aDine  ind  -iDiximite:.  in  «ziienzne. 
and  in  7ouvui:c  r-ioiu ;  anii  'vxnz!)  lidii.  inc  .»4b  Annntianilj.  ji  ^nneccun  ndi  z^TPiinr  tocib 
ami  mer.iiiii  I rp hie  «!hu9Cii.  The  pymxene  if  liim»Ci)ii«  ih  aiDiscr  die  ^iiice  imi  li^^-'jzoen  <3r 
ffray  7ahecie» :  ::hai:  at  moAC  oi^er  SKUxnorpiue  ^vek.  iumeamea  ^rtuce  'ir  i^iiuzieflK.  bus 
QMudly  7rp<»n  of  'liiff»renc  ihaiitdi.  frnm  pmie  .pet^n  to  pp«»nian-oiiu:k.  ami  Hi^artiunailj  alack; 
that  of  ^ftrpenclne  lh  ^^omecimefl  in  dne  crj^uid.  lac  ofti^n  if  Thit  foiiased  7::^en  krnii  oaJ.ed 
di>^i^t* ;  'hoc  of  '»npa7e  rncka  is  ::ae  iiack  t>)  zreenuui-^jiiuik  nt*pte. 

PrriTnineni;  forRijyn  liV!aiicifts  itf^  :  'n*UtW"»^T*'  t*4.pj^*i^  .  TraTi^rseilii,  Ala  3i  Piwrnninc :  Sola^ 
Tnnahrf^rx.  Ji'.r<»«ii*n  :  P^r^an  :  Achma&ivak  ;  -Ct:.  :^i»iur>*.  Siia.  Ajynii.ii :  Dea^rrie  ;  Sm.wacKn- 
berg-;  **to.  //p-'ir-'-i-''.'/'/''.  Tnnaber^ :  Ar^nifai  Ai'pf",  Fitaacnal;  V-saUTuia;  ^stc. — in  xmad* 
dolerytie  iqneorw  rockiu 

In  X.  Amerina  cnmmon  .iee  Iiac  of  localities  ic  the  '^iuiie  of  die  Tnlnmei.  Some  lucalnie* 
are:  In  Jf /^..  ac  nhe  B*iiwn  •\Tarriea.  la  Con.i,.  ac  Canaan.  Ea.  3".  F'^-v.  ic  War-yni.  Mon- 
roe, E<l«^nviilt»,  Diana.  In.  X.  J^nn^jf.  in  Franklin.  In  F-run^.  near  Anieboro*.  In  OnttuLi,^ 
at  Byto'm,  at  t.aliimet  I.,  at  «xrenTiie- 

AfHiTk. — lloni^^ilinia  In  ilemier  p«itn.3eii  orTTtala  iit*m:e  name  in 'iTxartz.  HL  =f|.  G-.  = 
3'^V-v>.  tVoior  brownwh  u^  nHiiiiaii-brotnu  m  die  ±=icnir»  biadcuh-grieen.  <i>paiiixfi.  Fzai> 
tare  anevi»n.  Brittle.  R.'^iO:.B=X^.F'i.  or  r*itFe=-jR  :  anal^nia  b^  BammeiikiezT.  5iO| 
51  W.  fe<>,  -2^  '2».  F^  1  •J:{.  XnO  *i^r  y^jy  12  «.  K.O  ->  4^.  TiO  I  II.  ign  J  «*=  lOO*^. 
Koni^berg',  Xorjraj. 

^■EoiRfTE. — year  pyroxene  rn  form.,  but  ciintaims  alialiea.  H.=.>-t-*J.  G.  =3*45-3 -33^» 
Color  greenijih-bLaric.  SabcnuL«ltLcent  za  ooaa^Tie.  Analv^  Ramm..  Bcevi^.  SiO-.  3*)':£>.  dklO^ 
1-22,  *'eO,  -22*/:.  F^:>  ^-S).  XnO  1-40.  CaO  5  47.  Mh>  !->.  Sa.O  »  ,»,  £,0  OSrt=100^43L 
A]JK>  from  Magnet  Cove.  Arkanaad. 


522  lL  =  .>v>-fV5.    iV.=:3-4r-:J-t>>.    Iii^rre  vit»  .as.    Color 

li:;rt'if  br''A".:>li-r*^«.l.  fl«L-:rh-retl,  ?«..:iieLLmes  gnKMi:>h  or 
yf'Al rsr'.r.h,  vrh^-u  irnj-un*;  "ftcii  fJai.-k  MiitsiJe  fn:nn  ex- 
l*^r-\ivf'.  Srreak  whfre.  Tniiisraren: — ••i<i«jiie.  Fmc- 
turf  C"iu::i«'i'la! — uneven.     Verv  t«.ii;j:h  when  maseive. 


Comp.,  Var. — MnSiOj  =  Silica  4o'0.  mangancee  protoxide  54*1  = 
UjO.  Usnally  some  Fe  and  Ca.  and  occasionaily  Zn  replace  part  of  the 
Mn.  Or'/i/4'/ry.  pii  Crystallized.  Either  in  crystals  or  foliated. 
The  ore  in  cry*talM  froni  Pai-hter^'.  Swreirn.  was  named  P»ii*bifrgit€ 
nnder  the  Mea  that  it  was  a  dL«tinct  iipecie&  i  ^  Granular  maasiTe. 
Oii^»ffrf/*tA  ;  Bust  AMITE.  Contains  1*  to  15  p.  c.  of  lime  replacing 
part  of  the  manj?anese.  Often  also  impare  from  the  presence  of  cai- 
ofom  carfff>nate,  which  Miif^entA  that  parr  of  the  lime  replacing  the  manganese  may  have  come 
frfwn  part-ial  alteration.  GrayLnh-re^l.  7Anrifrro^in  ;  Fowlerite.  In  crystals  and  foliated, 
the  latt/rf  I'Kfkin^  much  like  cleayable  red  feli]»par ;  the  crystals  sometimes  half  an  inch  to  an 
Inch  throiii^h.      7    /  -  «6    *M)\  Torrey.     G.=;i-44,  Thomi«on. 

Pjrr.,  •tc^— I5,B,  blacken  A  and  fn»e»  with  iiiight  intumescence  at  2*5  ;  with  the  fluxes  gives 
reft/rfj/rfm  for  mafiganft«rf; ;  fowlerite  (fiven  with  wxJa  on  charcoal  a  reaction  for  zinc.  Slightly 
wii*^\  iifK^n  by  acidfl.  The  calciferoiiH  varieties  often  effervesce  from  mechanical  admix- 
ture with  r'Alrnum  cartxinate.  In  powder,  partly  dissolves  in  hydrochloric  ac.d.  and  the  in- 
Sf;luble  part  U;('omes  of  a  white  c^>lor.  Darkens  on  exposure  to  the  air,  and  sometimes 
liecornes  nearly  black, 
Obfl.— Occurs  at  Longban,  near  Philipstadt  in  Sweden ;  also  in  the  Hiux ;  in  the  disthot  of 
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Katherinenberg  in  the  Ural ;  in  Cornwall,  eta  Occurs  in  Warwick,  Mass.  ;  Blue  Hill  Bay, 
Maine  ;  near  Hinsdale,  N.  H.  ^  fowlerite  {keatingine)  at  Hamburg  and  Sterling,  New  Jersey. 

Named  from  p6^av^  a  rose,  in  allusion  to  the  color. 

Babinotonite.— Triclinic.  9RSiO,-fFeSisO»,  with  R=Fe(Mn)  :  Ca(Mg)=3  :  3  (Ramm.). 
Analysis,  Rammelsberg,  SiO,  51-23,  FeO,  11-00,  PeO  1026,  MnO  7-91,  MgO  077,  CaO 
19*32,  ign=0-44=100-92.    Color  greenish-black.     Arendal;  Nassau;  Devonshire;  Baveno. 


SPODUMBNH. 

Monoclinic.      (7=69°  40'  /a/=87",    O  A  24  =  130°  30'.      Crystals 
large.     Cleavage:  i-i  very  perfect;  /  also  perfect; 
14  in  traces ;  in  strisB  on  i-l.    Twins :  twinning-plane  623 

i-i.    Also  massive,  with  broad  cleavage  surface. 

H.=6-5-7.  G.=3-13-^-19.  Lustre  pearly.  Cross 
fracture  vitreous.  Color  grayish-green,  passing  into 
greenish-white  and  grayish-white,  rarely  f aint-i-eddish. 
Streak  uncolored.  Trauslucent — subtranslucent.  Frac- 
ture uneven. 

Oomp.--3RSiO«-h4AlSisO» ;  R= Lis  mostly.  SUica  64  2,  alu- 
mina 29*4,  lithia  6*4=100.   Sometimes  Li :  Na(K)=20  :  1,  Bamm. 

Pyr.,  etc — B.B.  becomes  white  and  opaque,  swells  up,  imparts 
a  purple  red  color  (lithia)  to  the  tiame,  and  fuses  at  3*5  to  a  clear 
or  white  glass.  The  powdered  mineral,  fused  with  a  mixture  of 
potassium  bisulphate  and  fluor  on  platinum  wire,  gives  a  more  in- 
tense lithia  reaction.     Not  acted  upon  by  acids. 

Diff. — Distinguished  by  its  perfect  orthodiagonal,  as  weU  as 
prismatic,  cleavage ;  has  a  higher  specific  gravity  and  more  pearly 
lustre  than  feldspar  or  scapolite.     Qives  a  red  flame  B.B. 

Obs. — Occurs  on  the  island  of  Ut('),  Sweden ;  near  Sterzing  and 
Lisens  in  the  Tyrol;  at  Killiney  Bay,  near  Dublin,  and  at  Peterhead  in  Scotland.    At  Gk>shen, 
Moss.  ;  also  at  Chesterfield  and  Norwich,  Mase. ;  at  Windham,  Maine ;  at  Winchester,  N.  H. ; 
at  Brookfield,  Ct. 

Petalite.— 3Li,SiaO»-h4AlSi«Oi6=Silica  77*97,  alumina  17*79,  lithia  3*57,  soda  067= 
100.  Bamm.  Q.  ratio  Li  :  Al  :  Si=l  :  4  :  20,  or  for  bases  to  silicon=l  :  4.  H.=6-6*5.  G. 
=2*5.    Colorless;  white.    Uto,  Sweden;  Elbti  (eastorite) ;  Bolton,  Mass. 


Norwich,  Mass. 


Amjphibole  Section, 


ANTHOPHTLUTB. 

Ortliorhombic.  I\I=:  125°  to  125^  25'.  Cleavage:  i-l  perfect,  /  less 
so,  i-i  difficult.  Commonly  lamellar,  or  fibrous  massive ;  fibres  often  very 
slender. 

II.=5-5.  G.=3*l-8'2.  Lustre  somewhat  pearly  upon  a  cleavage  sur- 
face. Color  brownish-gray,  yellowish-brown,  brownish-green,  sometimes 
submetallic.  Streak  uncolored  or  grayish.  Translucent  to  subtranslucent. 
Brittle.  Double  refraction  positive;  optical  axes  in  the  brachydiagonal 
section. 

18 


874  '      DESCBIPnTB  MINEBjUXKIT. 

Comp— ;Fe,Mg)SiO>,  Fe  :  Mr=l  :  3=Silica  G5'G,  magneua  27-8,  iron  protoxide  16-7= 
100. 

Pyt.,  etc. — B,  B.  fnaes  with  great  difflculty  to  a  black  magnetio  enamel ;  with  the  fluxes 
gives  reactions  for  iron ;  unacted  upon  b;  ocids. 

Obs.— Occurs  near  Kongsbeig  in  Norway,  and  near  Modum.  Also  at  Heimiuiuschlag, 
Hoiavia. 

Anthophjllite  "bears  the  same  relation  to  the  Ainphibole  Group  that  enstatite  and  hyper- 
sthene  do  to  the  Pyroiene  Group, 

KuprPKUlTE.— Probably  MgSiO,,  with  a  little  Fa  jAi=124°  SO',  hencean  *H*i«(i(e-Aorn- 
Hende.  Color  emerald-(^en  (chromel.  Tunkinak  Ht& .  Miask.  Analysis  of  a  similar  min- 
eral from  Perth.  Canada,  Thomson,  SiOs  57-60,  AlO.  3-20,  FeO  210,  MgO  29-30,  CaO  3-55, 
ign.  3-65=99  30. 


ABAFUifiOLEI.    Hornblehde. 

Monoclinie.  O  =  75"  2',  /A  /=  124°  30',  <9  A 14  =  164°  10',  t- :  I :  d 
=0'5527  :  1'8825  :  1.  Crystals  Boiiietimea  stout,  often  loiiff  niid  Iilacted. 
Cleavage:  /  highly  perfect  :^-i,  i-l  soinetimes  distinct.  Lateral  planes 
oftcii  lougitiidiiially striated.  Twins:  twinning-plane  i'i,s\s  in  f.  527  (siinplo 
form  f.  526),  and  530.  Imperfect  crystallizations:  fibrous  or  cohnniiiir, 
warse  or  fine,  fibres  often  like  (lax;  sometimes  lamellar;  also  grannlar 
inaesi\-G,  coarse  or  fine,  and  usually  sti-oiigly  coherent,  but  sonietiinea 
friable,  * 
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H.=5-6,  G,^2'9-3'4.  Lnstre  vitroona  to  pearly  on  cleavngG-taeea ; 
fihrons  varieties  often  silky.  Color  between  black  and  white,  through  vari- 
ous shades  of  green,  inclining  to  blackish-green.  Streak  iincolored,  or  ^Miler 
than  color.  Sometimes  nearly  transparent ;  nsnally  eubtranelucent — opaque. 
Fi-actnre  subconcboidal,  uneven.  Bisectrix,  in  most  varieties,  inclined  atxnit 
60°  to  a  normal  to  O,  and  15"  to  a  normal  to  w;  and  double  refraction 
iiegative. 

Comp.,  Tar. — General  formula  BSiOi.  as  for  pyroxene.  Alnminnni  i8  present  in  most 
amphibole,  and  when  bo  it  usually  replaces  silicon.  It  may  oorrespond  to  two  or  more  of  the 
basic  elements  Mg,Ca,Fe.Mn,Na,.Ei,H, ;  and  it  to  Al,  ¥e  or  Mn.  Fe  sometimes  replaces 
silicon,  like  AL  Much  amphibole,  especi^y  the  aluminous,  contains  some  lluoriue.  The  boM 
calcium  i>i  absent  from  some  Tarieties,  or  nearly  so. 

The  Turktieii  at  amphibole  are  as  numerons  as  tfaoae  of  pyroxene,  and  for  the  samereaBona; 
and  tUey  lead  in  general  to  nmilar  fabdiTisiona. 


OXYGEN   COMPOUNDS ANHYDROUS   8IUCATE8.  276 


I.    CONTAINrNG    LITTLK    OR    NO    ALUMINA. 

Magnesia' Lime  Anvphibole ;  Tremolite.  Grammatite.  Colors  white  to  dark-gfray.  In 
distinct  crystals,  either  long  bladed  or  short  and  stout ;  long  and  thin  columnar,  or  fibrouM  ; 
also  compact  granular  macsive.  7%/=  124^  30'.  H.  =5  0-Go.  G.  =2  9-3*1.  Sometimes 
transparent  and  colorless.  Contains  magnesia  and  lime  with  little  or  no  iron  ;  formula  (Ca, 
Mg)Si03,  Ca  :  Mg=l  :  3=Sinca  57-70,  magnesia  28'8o,  lime  13-35  =  100.  Named  Treirwlitehy 
Piui,  from  the  locality  at  Tremola  in  Switzerland. 

Nephrite. — In  part  a  tough,  compact,  fine  grained  tremolite,  having  a  tinge  of  green  or 
blue,  and  breaking  with  a  spUntery  fracture  and  glistening  lustre.  H.  =G-(J-5.  G.  =2  "90-3-1. 
Named  from  a  supposed  efficacy  in  diseases  of  the  kidney,  from  vei^pdr^  kidney.  It  occurs 
usually  associated  with  talcose  or  magnesian  rocks.  Nephrite  or  jade  was  brought  in  the 
form  of  carved  ornaments  from  Mexico  or  Peru  soon  after  the  discovery  of  America.  A  simi- 
lar stone  comes  from  China  and  New  Zealand. 

A  nephrite -like  mineral,  called  boicenite^  from  Smithfield,  R.  I.,  having  the  hardness  5*5  is 
serpentine  in  composition.  The  jade  of  de  Saussure  is  the  saystmrite  (see  under  Zoisite) 
of  the  younger  de  Saussore.  Another  aluminous  jade  has  been  called  jnckite  (q.  v.)  by 
Damour. 

Maf/nesior  Lime 'Iron  Amphibole ;  Actinolite.  Strahlstein,  Germ,  Color  bright-green 
and  grayish -green.  In  crystals,  either  short  or  long-bladed,  as  in  tremolite ;  columnar  or 
fibrous;  granular  massive.  G.  =3-3  2.  Sometimes  transparent.  Contains  magnesia  and 
lime,  with  some  iron  protoxide,  but  seldom  more  than  (5  p.  c. ;  formula  (Ca,Mg,Fe)Si03. 
The  variety  in  long  bright-green  crystals  is  called  gUittify  actinoliV: ;  the  crystals  break  easily 
across  the  prism.  The  fibrous  and  radiated  kinds  are  often  called  asbcstij'orm  actindite  and 
radiated  actinolite.     Actinolite  owes  its  green  color  to  the  iron  present. 

Iron-Magnesia  Amphibole  ;  Cumminqtonite.  Color  gray  to  brown.  Usually  fibrous  or 
fibro-lamellar,  oft^n  radiated.  G.  =3  1-3 '32.  Contains  much  iron,  with  some  magnesia,  and 
little  or  no  lime.     Formula  (Fe.Mg)SiOs.     Named  from  the  locality,  Cummington,  Mass. 

AsBKSTUS.  Tremolite,  actinolite,  and  other  varieties  of  amphibole,  excepting  those  con- 
taining much  alumina,  pass  into  fibrous  varieties,  the  fibres  of  which  are  sometimes  very 
long,  fine,  tiexible,  and  easily  separable  by  the  fingers,  and  look  like  tlax.  These  kinds,  like 
the  corresponding  of  pyroxene,  are  called  asbeslus  (fr.  the  Greek  for  i/tcuinbustibU:).  The 
colors  vary  from  white  tp  green  and  wood-brown.  The  name  amiauthnu  is  now  applied  usu- 
ally to  the  finer  and  more  silky  kinds.  Much  that  is  so  called  is  chrgsotile,  or  fibrous  serpen- 
tine, it  containing  12  to  14  p.  c.  of  water.  Mountain  leather  is  a  kind  in  thin  tiexible  sheets, 
made  of  interlaced  fibres  ;  and  mountain  cork  (Bergkork)  the  same  in  thicker  pieces ;  both 
are  so  light  as  to  float  on  water,  and  they  are  often  hydrous.  Mountain  wood  {BergholZy 
Holzasbest,  Oerm.)  is  compact  fibrous,  and  gray  to  brown  in  color,  looking  a  little  like  dry 
wood. 


II.  Aluminous. 

Alutuinotis  Magnesia-Lime  Amphibole.,  (a)  Edenite.  Color  white  to  gray  and  pale-green, 
and  also  colorless ;  G.  =3-0-3*059,  Ramm.  Resembles  anthophyllite  and  tremolite.  Named 
from  the  locality  at  Edenville,  N.  Y.  (for  analysis,  see  below.)  To  this  variety  belong  various 
pale-colored  amphiboles,  having  less  than  five  p.  c.  of  oxide  of  iron. 

(b)  Smaraoditk  Sanssure.  A  thin -foliated  variety,  of  a  light  grass-green  color,  resembling 
much  common  green  diallage.  According  to  Boulanger  it  is  an  aluminous  magnes'a-lime 
amphibole,  containing  less  than  3^  p.  c.  iron  protoxide,  and  is  hence  related  to  e<lenite  and 
the  light  green  Pargas  mineral.  DesCloizeaux  observes  that  it  has  the  cleavage,  and  appar- 
ently the  optical  characters,  of  amphibole.  II.  =5;  G.=3.  It  forms,  along  with  whitish  or 
greenish  saussnrite,  a  rock. 

Aluminous  Magnesia- Lime- Lvn  Amphibole.  {a)  Paroasite  ;  (b)  Hornblende.  Colors 
bright,  dark,  green,  and  bluish-green  to  grayish-black  and  b'ack.  /a  /=124''  1-124^  25  ; 
G.  =3  05-3 "47.  Pnrgasite  is  usually  made  to  include  green  and  bluish-green  kinds,  occnrriug 
in  stout  lustrous  crystals,  or  gfranular;  and  hornblende  the  greenish-black  and  black  kinds, 
whether  in  stout  cr^-stals  or  long  bladed,  columnar,  fibrous,  or  massive  granular.  But  no 
line  can  be  drawn  between  them.  Pargasite  occurs  at  Pargas,  Finland,  in  bluish -green  and 
grayish-black  crystals. 

Composition  shown  by  the  following  analyses  by  Rammelsberg ;  (1)  from  Edenville;  (2) 
Wolftsberg,  Bohemia ;  (3)  Brevig. 
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SiOa  :A:10,  FeO,  FeO  MnO  MgO  CaO  Na.O  KaO  HaO(ijrn) 

(1)  51-67  5-75  2-8«      23:^7  12-42  075  084  0-4«=9«-12 

(2)  41-98  14-31  5-81  7-18  14-06  12*55  1-64  154  0-26=99l0 

(3)  43-28*  6-31  6*62  2172  1-13  3-62  9-68  314  205  0-48=98-63 

♦  With  1*01  TiO,. 

Pyr.,  etc — The  observations  under  pyroxene  apply  also  to  this  species,  it  being  impossible 
to  distinguish  the  varieties  by  blou-pipe  characters  alone. 

Di£f — Distinguished  from  pyroxene  (and  tourmaline)  by  its  distinct  prismatic  cleavage, 
yielding  an  angle  of  124°.  Also  in  colored  varieties  by  its  diohroism,  when  examined  in  thin 
sections.  Fibrous  and  columnar  forms  are  much  more  common  than  with  pyroxene,  lamellar 
and  foliated  forms  rare.  Crystals  often  long,  sleiider,  or  bladed.  Differs  from  the  fibrous 
zeolites  in  not  gelatinizing  with  acids. 

laomorphous  and  Dimorphous  reLaUoiiH  to  Pjfroxcne. — The  analogy  in  composition  between 
pyroxene  and  hornblende  has  been  abundantly  illustrated.  They  have  the  same  general 
formula ;  and  under  this  formula  there  is  but  one  difference  of  any  importance,  viz. ,  that 
lime  is  a  prominent  ingredient  in  nU  the  varieties  of  pyroxene,  while  it  is  wanting,  or  nearly 
80,  in  some  of  those  of  hornblende.  The  analogy  between  the  two  species  in  crystallization, 
or  their  essential  isomorphism,  was  pointed  out  by  G.  Rose  in  1831,  who  showed  that  the 
forms  of  both  were  referable  to  one  and  the  same  fundamental  form.  The  prism  /  of  horn- 
blende corresponds  in  angle  to  t-2  of  pyroxene.  Calculating  from  the  angle  I,\  /in  pyroxene, 
87^^  5',  the  angle  of  i-2  is  precisely  124 -*  30',  or  the  angle  /a  /  in  hornblende.  But  while  thus 
isomorphous  in  axial  relations  or  form,  they  are  also  dimorp/ious.  For  (1)  the  cleavage  in 
pyroxene  is  parallel  to  the  prism  of  87*'  5',  and  in  hornblende  to  that  of  1241".  (2)  The  occur- 
ring secondary  planes  of  the  latter  are  in  general  diverse  from  those  of  the  former,  bo  that  the 
crystals  differ  strikingly  in  habit  or  system  of  modifications.  Moreover,  in  pyroxene  colum- 
nar and  fine  fibrous  forms  are  uncommon ;  in  hornblende,  exceedingly  common.  (3)  The 
several  chemical  compoimds  under  pyroxene  have  one-tenth  higher  specific  gravity  than  the 
corresponding  ones  under  hornblende. 

Vom  Rath  has  described  the  occurrence  of  minute  crystals  of  hornblende  in  parallel  posi- 
tion upon  crystals  of  pyroxene  (Vesuvius),  and  in  consequence  of  the  relation  between  the  two 
forms,  thus  brought  out,  suggests  a  change  in  the  commonly  accepted  fundamental  form  of 
the  latter.  (Jahrb.  Min.,  1876.)  This  association  of  crystals  of  the  two  species  in  parallel 
position  is  not  uncommon. 

Obs. — Amphibole  occurs  in  many  crystalline  limestones,  and  metamorphic  granitic  and 
schistose  rocks,  and  sparingly  in  serpentine,  and  volcanic  or  igneous  rocks.  Trcinolito,  the 
magnesia-lime  variety,  is  especially  common  in  limestones,  particularly  mognesian  or  dolomi- 
tic ;  actinolite,  the  magnesia-lime-iron  variety,  in  steatitio  rocks ;  and  brown,  dark -green, 
and  black  hornblende,  in  chlorite  schists,  mica  schist,  gneiss,  and  in  various  other  rocks 
(syenyte,  dioryte.  etc.),  of  which  it  forms  a  constituent  part.  Asbestus  is  often  found  in  con- 
nection with  serpentine.  Hornblende  is  often  disseminated  in  black  prismatic  crystals  through 
trachyte,  and  also  through  other  igneous  rocks,  especially  the  feldspathic  kinds. 

Aussig  and  Teplitz  in  Bohemia,  Tunaberg  in  Sweden,  and  Pargas  in  Finland,  afford  fine 
specimens  of  the  dark-colored  hornblendes.  Actinolite  in  the  Zillerthal ;  tremolite  at  St. 
Gothard,  in  granular  limestone  or  dolomite ;  the  Tyrol ;  the  Bannat,  etc.  AsbeaUis  is  found 
in  Savoy,  Salzburg,  the  Tyrol;  in  the  island  of  Corsica.  Some  localities  in  the  U.  S.  are  : — 
Carlisle,  Pelham,  etc.,  Mass.,  cummingtonite  at  Cummington.  In  Conn.,  white  crystals  of 
tremolite  in  dolomite,  Canaan.  In  N.  York,  Willsboro*,  St.  Lawrence  Co. ;  Warwick ;  with 
pyroxene  at  Edenville;  near  Amity ;  in  Rossie ;  the  YAtiety  pargasite  in  laiqge  white  crystals 
at  Diana,  Lewis  Co.  In  Penn.,  actinolite  at  Mineral  Hill,  in  Delaware  Co.;  at  Unionville. 
Li  Maryland,  actinolite  and  asbestus  at  the  Bare  Hills ;  asbestus  at  Cooptown. 

Hexagonite. — Described  as  a  new  mineral  by  Goldsmith,  but  shown  by  Koenig  to  be  only 
a  variety  of  tremolite.     From  Edwards,  St.  Lawrence  Co.,  N.  Y. 

ABFy£DBONiT£. — Near  homblendo,  but  contains  alkalies.  Analysis,  Ramm.,  Greenland. 
SiO,  51-22,  7VIO3  tr..  FeO,  23-75,  FeO  780,  MuO  112,  CaO  208,  MgO  O'OO,  Na^O  10-58, 
K  O  0  68,  ign  010-98-29.     Greenland  ;  Brevig  ;  Arendal. 

Crocidolitk. — Composition  uncertain,  near  arfvedsonito.  Analysis,  Stromeyer,  SiO» 
51-22,  FeO  34-08,  MnO  010,  MgO  2  48,  CaO  003,  Na^O  707,  H.O  4'80=99-78.  Fibrous, 
asbestus-like.  Sometimes  altered  to  ^^ Faserquarzy  Color  lavender-blue  or  leek-green. 
Orange  river,  So.  Africa.     Vosges  Mts. 

Gastai.dite. — Monoclinic.  Cleavage  prismatic,  Ia1  =  124"^  25'  (like  amphibole).  H.  = 
6-7.  G.=3  044.  Color  dark-blue  to  azure-blue.  Streak  greenish-blue.  Q.  ratio  R  :  R  :  Si 
=  1:2:6;  formula  RjiVUSi^Oa,,  with  R=Fe,Mg,Ca.Na«.  Analysis,  Striiver,  SiO,  5855, 
AIO3  21-40,  FeO  9-04,  MgO  392,  CaO  2  03,  Na.O  477,  KjO  tr=99-71.  Occurs  in  chlorite 
slate  in  the  valleys  of  Aosta  and  Looano. 

Glaucopuanb.— Monoclinic.    Cleavage  prlsmatio,  2  A  i=124°  61'.    H.  =6  5.    G.  =3 <y907. 
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Color  blue,  bluish-black,     Q.   ratio  for  bases  to  silicon  1  :  2.     Analysis  from  Zermatt,  by 
Bodewig,  SiO,  57-81,  AlO,  1203,  FeO,  2-17,  FeO  578,  MgO  1307,  CaO  220,  NaaO  7-33 
=  100*45.     Also  from  island  of  Syra. 
WicuTisiTE,  Finland. — Perhaps  identical  with  glaucophane. 
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Hexagonal.     OM  =  150°  3';  c  =  0499.     Habit  prismatic,  the  prism 
often  vertically  striated.      Cleavage :  basal  imperfect ;  lateral  indistinct. 
Occasionally  coai-se  columnar  and 
large  granular. 

II.  =  7-5-8.  G.  =  2-63-2-76. 
Lustre  vitreous,  sometimes  resin- 
ous. Color  emerald-green,  pale 
green,  passing  into  light-blue,  yel- 
low, and  white.  Streak  white. 
Transparent  —  subtranslucent. 
Fracture  conchoidal,  uneven.  Brit- 
tle. Double  refraction  feeble; 
axis  negative. 

TT         rru'  n  i.v    *      xu  *  Haddam,  Ct  Siberia. 

Var. — This  sj^ecies  is  one  of  the  few  that 

occur  only  in  crystals,  and  that  have  no  es- 
sential variations  in  chemical  composition.  There  are,  however,  two  prominent  gronps  depend- 
ent on  color,  the  color  varying  as  chrome  or  iron  is  present ;  but  only  the  merest  trace  of  either 
exists  in  any  case.  The  crystals  are  nsaally  oblong  prisms.  1.  Emerald.  Color  bright 
emerald-green,  owing  to  the  presence  of  chromium.  Hardness  a  little  less  than  for  beryl, 
according  to  the  lapidaries.  2.  Beryl,  Colors  those  of  the  species,  excepting  emerald-g^een, 
and  due  mainly  to  iron.  The  varieties  of  beryl  depending  on  color  are  of  importance  in  the 
arts,  when  the  crystals  are  transparent  enough  to  be  of  value  as  gems.  The  transparent 
biuish-green  kinds  are  caUed  aqittimarine ;  also  apple -green  ;  greenish -yellow  to  iron-yel- 
low and  honey-yellow.  DavicUonite  is  nothing  but  greenish -yeUow  beryl  from  near  Aberdeen ; 
and  ffotfhenite  in  a  colorless  or  white  variety  from  Goshen,  Mass. 

Oomp— Be3AlSiaO,8=SiUca  60-8,  alumina  191,  glucina  141=100. 

Pyr,,  etc. — B.B.  alone  unchanged  or  becomes  clouded;  at  a  high  temperature  the  edges 
are  rounded,  and  ultimately  a  vesicular  scoria  is  formed.  Fusibility =5 '5  (KobeU).  Gloss 
with  borax  clear  and  colorless  for  beryl,  a  fine  green  for  emerald.  81o«vly  soluble  with  salt 
of  phosphorus  without  leaving  a  siliceous  skeleton.  A  yellowish  variety  from  Broddbo  and 
Fin  bo  yic;lds  with  soda  traces  of  tin.     Unacted  upon  by  acids. 

Di£r. — Distinguished  from  apatite  by  its  hardness,  not  being  scratched  by  a  knife,  also 
harder  than  green  tourmaline  ;  from  clurysoberyl  by  its  form,  and  from  euclose  and  topaz  by 
its  imperfect  cleavage  ;  never  massive. 

Obs. — Emeralds  oocur  in  clay  slate,  in  isolated  crystals  or  in  n^^sts  (not  in  veins),  near  Muso, 
etc.,  in  N.  Granada;  in  Siberia.  Transparent  beryls  {ftquamariiie/t)  are  found  in  Siberia, 
Hludostan,  and  BrazU.  Beautiful  crystals  also  occur  at  Elba ;  Ehrenfriedersdorf ;  Schlacken- 
wald ;  at  St.  Michaers  Mount  in  Cornwall ;  Limoges  in  France ;  in  Sweden  ;  Fossum  in  Nor- 
way ;  and  elsew^here. 

Beryls  of  gigantic  dimensions  have  been  found  in  the  United  States,  in  N.  Hamp.y  at 
Acworth  and  Grafton,  and  in  Mass.,  at  Boyalston ;  but  they  are  mostly  poor  in  quality.  A 
crystal  from  Grafton,  according  to  Prof.  Hubbard,  measures  AT)  in.  by  24  in  its  diameter,  and 
a  single  foot  in  length  by  calculation  weighs  1,070  lbs.,  making  it  in  aU  nearly  2^  tons. 
Other  localities  are  in  Mcts$.,  at  Barre ;  at  Goshen ;  at  Chesterfield.  In  Conn. ,  at  Haddam ; 
Uliddletown  ;  at  Madison.     In  Penn.,  at  LeiperviUe  and  Chester  ;  at  Mineral  Hill. 

EuDiALYTE. — Rhombohedral.  Color  rose-red.  Exact  composition  uncertain.  Analysis, 
Damour,  SiO,  50-38,  ZrO,  15*60,  TauO*  0-«5,  FeO  687,  MnO  1-61,  CaO  9-23,  Na,0  1310, 
CI  148,  H3O  1*25=99*37.  West  Greenland.  Eccolite  is  similar,  but  contains  also  some 
of  the  cerium  metals.    Norway. 

PoLLUCiTK.— 3R,:«Si40M-»-2aq  with  R  =  mostly  C8(Na.Li).  If  Na  :  C8=l  :  2,  then 
SiOj  42  6,  AJO,  18-2,  Cs.O  33  4,  NaaO  3*7,  H.O  21 =100.  Isometric  Colorless.  Island  of 
Elba  with  castozite. 


D£BCB1FTI\'£   MISKIiALOGT. 


|9,   UsiBiLicATKB.     General   Fokmula  E^iO,. 
C'hryifoUte  Group. 
OHRTBOUTB.    Olivine.     Peridot, 
ibic.     /A/ =94°  2';  <?Al-i=12S''  28';  c:  ?:d!  =  l-25SS: 
l-072y:l.   OAl.f  =  130'=26i'.    ;-S 
634  A  i-a,  ov.  i-t,  =  130"  2'.     Cleava{,'e : 

i-i  rather  distinct.  MaAsivo  hhi) 
compact,  or  <ri-niiii1ar ;  usually  iti 
iiiilieddeil  gi-aiiis. 

II.=(i-7.  G.=3-33-3-5.  Lustre 
vitreous.  Color  gi-eeii — coimiioiily 
olive-gretjii,  sometimes  j^ellow, 
hrownish,  pray isli  red,  fjrayisli- 
j^reeii.  Streak  usually  uncoloreii, 
rarely  yellowish.  Trauspart'iit— 
traiishiceiit.     Fracture  couclioidal. 

Oomp^  Tar.— (Mg,Fe),SiO.,  with  traces  nt  times  of  Mn,  Ca,  Ni.  The  amount  of  iron 
varies  much.  If  Mg  :  Fe=12  :  1.  the  fonnula  icquiies  SQica  41*30,  magnesia  50i)0,  iroa 
protoxide  7-71  =  100;  Mjf  :  Fe  =  9  :  I,  0  :  1,  etc,  and  in  hyuhmtlfriU  2  :  1. 

Pjrr.,  etc.— B.B.  whituns,  but  ia  iufuaible  ;  with  the  Uusca  gives  reactions  for  iron.  Hya- 
lOBideriti)  and  other  varieties  rich  iu  iron  fosc  tu  a  block  maitneUc  g-lobule.  Rome  varieties 
give  rcacUomi  for  titanium  and  mangnnese.  Decomposed  by  hydrocblorio  auid  with  iieiiara- 
tion  of  ^latinous  Rilico, 

Diff.— Distinguished  by  itsinfmiiljility.  Commonly  observed  in  small  yellow  imbedded  graiiiB. 

Obs — A  comiuou  constituent  of  some  eniptivG  rocks  ;  and  also  occurring  In  ui  amons  mtta- 
mor^ihic  rocks,  with  talcose  schist,  hypersthene  rocks,  and  Kcrpeuriue ;  or  as  a  rock  formatiou  ; 
also  a  constituent  of  many  metKoritee  (e.ij, ,  the  Pallas  iron). 

Occurs  in  eruptive  cocks  at  Vesuvius,  Sicily,  Heelo,  Sandwich  Islands,  and  most  volcanio 
islands  or  regions ;  in  Auvergue ;  at  Unkcl,  on  the  Rliiuc ;  at  the  Laachcr  Si  e  :  in  dulerile  or 
basalt  iu  Caimda.  Also  in  labradorite  rocks  in  the  White  Mountains,  X,  H.  (liytUotaliriU i ;  in 
Loudon  Co.,  Va.  j  in  Loucastec  Ca.  Pa.,  at  Wood's  Mine. 

The  following  are  membem  of  the  ( 7i /•t/ioUle  Giwip  : 

FoKBTKRLx'E.— JIg.jSiO,.  Like  chrysolite  in  physical  characters.  VesnviuB.  Bolton'ite, 
essentially  the  same.     Bolton,  Masn. 

MoNTlCKCMTK,  from  Mt.  Siimma.  and  BatkaChite,  from  the  Tyrol,  are  (Ca,Mg)-.SiD,, 
withCarMg— 1  :  1.  H,=5-.^3.  G.  =3-CKi-:l-3^i.  Monticellito  also  occurs  in  large  ijnantities 
(v.  Rath)  on  the  Pesmcda  Alp,  Tyrol,  altered  to  serpentine  and  fassoite. 

Fayamtb.  —  FciSiOj.  G.  =4-4  14.  Color  black.  In  volcanic  rocks  at  Faya!.  Azores  ; 
Houme  Mts.,  Ireland. 

HouToNin.iTE.~(Fe,Mg),SiO,.  with  Fe  :  Mg:=3  :  2.     O'Neil  mine,  OranpreCo..  N.  Y. 

TKPiiiioiTE-— MniSiOi.    G.— 4-4-12.    Color  reddish-brown.    Sterling  Hill.  X.  J.;  Sweden. 

RoKl'PtRlTR. — An  iron- raanganese -zinc  chrysolite.  H.=5-5-(!.  U.=3lr.5-4-08.  Color 
dork-green  to  black.     Stirling  lull,  14.  J. 

Knkbelite.— (Fe,Mu).8iOi,  with  Fe  :  Mn=l  :  1.     G.=1'12.     Color  gray.     Datmemom. 


LEncopnANiTB. — Composition  given  by  the  analysts  (Ramm.)  SiO,  47  03,  AlOt  1*03,  BeO 
10-70,  CuO  23-37,  MgO  0-17,  Na  O  II  '20,  K.O  0  BO,  F  6-57=100-43.  Orthorhombic.  G.  = 
2-07.     Color  greenish -yellow.     Oixurs  in  syenite  on  the  ialaEid  of  Lamoc,  Norway. 

MicLiriiA.MTK  I  Jlelinophan). —Composition  given  by  the  analysis  (Ramm.)  SiOa  43-G6, 
AlO.(i'B0,)  1  Sr,  BeO  11-74,  CaO  2J-74,  MfO  0  U,  Na,0  «-6.i,  K.O  140,  H,0  030,  F  5*73 
=1)!)'H0.     H.  =  ;i'01H.     Orthorhonihio.     Color  yellow.     Fredriksvam,  Sorway. 

W(ki I LEK I Tt.— Composition  given  by  the  anolyais  (Romm. )  SiO,  28-4:),  CbiOi  14-41,  ZrOt 
]9'03,  CaOaB-18.  FeOiMnO,  3  50,  Ka.O  7-7S=88-93.  Menodinic.  G.=3-41.  Color  light- 
yeUow.     Near  Brevig,  Norway. 
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WiUemite    Orotijp. 


535 


WITiTiTSWfTTB. 

Ehombohedral.  JiAli  =  116°  l\OAJi  =  142^  17' ;  c  =  0-67378.  Cleav- 
age :  i-2  easy  in  K.  Jersej'  crystals ;  O  easy  in  those  of  Moresnet.  Also 
massive  and  in  disseminated  grains.    Sometimes  fibrous. 

H.=5-5.  G.=3-89-4-18 ;  4*27,  transparent  crystals 
(Cornwall).  Lustre  vitreo-resinous,  rather  weak.  Color 
whitish  or  greenish-yellow,  when  purest;  apple-green, 
flesh-red,  gravish-white,  yellowish-brown ;  often  dark- 
brown  when  impure.  Streak  uncolored.  Transparent 
to  opaque.  Brittle.  Fi-acture  conchoidal.  Double 
refraction  strong ;  axis  positive. 


Var. — The  crystals  of  Moresnet  and  New  Jersey  differ  in  occurring 
forms.  The  latter  are  often  quite  large,  and  pass  under  the  name  of 
trootttite ;  they  are  commonly  impure  from  the  presence  of  man- 
ganese and  iron. 

Oomp Zn,Si04= Silica  27-1,  zmc  oxide  72-9=100. 

P3rr>,  etc. — B.  B.  in  the  forceps  glows  and  fuses  with  difficulty  to 
a  white  enamel ;  the  varieties  from  New  Jersey  fuse  from  3  '5  to  4. 
The  x)owdered  mineral  on  charcoal  in  R.F.  gives  a  coating  yeUow 

while  hot  and  white  on  cooling,  which,  moistened  with  solution  of  cobalt,  and  treated  in  O. 
F. ,  is  colored  bright  g^een.  With  soda  the  coating  is  more  readily  obtained.  Decomposed 
by  hydrochloric  acid  with  separation  of  gelatinous  silica. 

Obs. — From  Vieille-Montagne  near  Moresnet ;  also  at  Stolberg ;  at  Baibel  in  Carinthia ; 
at  Kucsaina  in  Seryiaj  and  in  Greenland.  In  New  Jersey,  at  both  Franklin  and  Stirling  in 
such  quantity  as  to  constitute  an  important  ore  of  zinc  It  occurs  intimately  mixed  with 
zincite  and  franklinite,  and  is  found  massive  of  a  great  variety  of  colors,  from  pale  honey- 
yellow  and  light  green  to  dark  ash-gray  and  flesh-red  ;  sometimes  in  crystals  {trooatiU). 


DHOBTIkSB.    Emerald-Copper. 

^  Khombohedral ;   tetartohedral.     ^A^=126°  24';  6>A^=148°  38'; 

c=  05281.     Cleavage:  li  perfect.    Twins:  twinuing- 

plaiie  li.     Also  massive.  536 

II. =5.  G.=3-278-3-348.  Lustre  vitreous.  Color 
eiTierald-m*een.  Streak  green.  Transparent — subtrans- 
lucent.  Fracture  conchoidal,  uneven.  Brittle.  Double 
refaction  strong,  positive. 

Oomp — Q.  ratio  for  On  :  Si  :  H=l  :  2  :  1 ;  formula  HaCuSiO* 
(Ramm.)= Silica  88*1,  copper  oxide  50*4,  water  11*5=100. 

Pyr.,  etc. — In  the  closed  tube  blackens  and  yields  water.  B.B. 
decrepitates,  colors  the  flame  emerald-green,  but  is  infusible.  With 
the  fluxes  gives  the  reactions  for  copper.  With  soda  on  charcoal  a 
globule  of  metallic  copper.    Decomposed  by  acids  with  gelatinization. 

Obs. — Dioptase  occurs  disposed  in  weU-defined  crystals  and  amor- 
phous on  quartz,  occupying  seams  in  a  compact  limestone  west  of  the 
hiU  of  Altyu-Tubeh  in  the  Xii^hese  Steppes ;  also  in  the  Siberian 
gold-washings.  Also  reported  as  found  in  the  Duchy  of  Nassau,  be- 
tween Oberlahnstein  and  Braubach. 

Phenaoitb. — BeaS104.   Bhombohedral.   Colorlesa    Resembles  quartz.    Takovaja;  Miask^ 
Dnrango,  Mexico. 
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Friedelite.— Rhoxnbohedral.  (? A 5=147*;  i2A 5=123®  42'.  Cleavage:  0  easy. 
H.=4.75.  G.=3.07.  Also  massive,  saccharoidaL  Color  rose-red.  Translucent.  Doable 
refraction  strong,  axis  negative.  Analysis,  SiO^  86.12,  MnO  (FeO  tr)  68*05,  MgO,  CaO  2-96, 
HaO  7*87=100.  This  corresponds  to  the  formola  Mn4SitOio+2H20.  If  the  water  is  basic, 
OS  in  dioptase,  with  which  it  seems  to  be  related  in  form,  the  formnla  is  H4Mn4SiaOi9= 
B3Si04.  This  requires  SiO,  8600,  MnO  56*80,  H,0  7*20=100.  Occurs  with  diallogite  and 
alabandite  at  the  manganese  mine  of  Adervielle,  Hautes-Pyren^es.  (Bertrand,  C.  E.,  Bfay, 
1876.) 


HSLvrrB. 

Isometric :  tetraliedral.     Cleavage :  octahedral,  in  traces. 

H.=6-0'5.  G.=:3*l-3*3.  Lustre  vitreous,  inclining  to  resinous.  Color 
honey-yellow,  inclining  to  yellowish-brown,  and  siskin-green.  Streak  uu- 
colored.     Subtranslucent.     Fracture  uneven. 

Oomp — Q.  ratio  for  B  :  Si=l  :  2  ;  for  Mn  +  Fe  :  Be=l  :  1 ;  formula  8(Be,Mn,Fe)aSi04  + 
(Mn,Fe)S  (Ramm.).  Analysis  by  Teich,  Lupikko,  Finland,  SiOa  80*81,  BeO  10*51,  MnO 
87*87,  FeO  10*87,  CaO  4-72,  ign  0  22=99-95. 

Pyr.,  etc. — Fuses  at  8  in  R.F.  with  intumescence  to  a  yellowish-brown  opaque  bead,  beoom* 
ing  darker  in  B.F.  With  the  fluxes  gives  the  manganese  reaction.  Decomposed  by  hydro- 
chloric acid,  with  evolution  of  sulphuretted  hydrogen,  and  separation  of  gelatinous  silica. 

Obs. — Occurs  in  gneiss  at  Schwarzcnberg  in  Saxony ;  at  Breitenbrunn,  Saxony ;  at  Horte- 
kulie  near  Modum,  and  abo  at  Brevig  in  Norway,  in  ziroon-syenite. 

DAMAZiITB. 

Isometric.  In  octahedrons,  with  planes  of  the  dodecahedron ;  the  dode- 
cahedral  faces  striated  parallel  to  the  longer  diagonal. 

II.=5'5-6.  G.=3*427.  Lustre  vitreo-resinous.  Color  flesh-red  to  gray. 
Streak  similar,  but  lighter.  Ti-anshicent.  Fracture  subconchoidal,  uneven. 
Brittle. 

Oomp — 3(Be,Fe,Mn,Zn)aSi04+(Fe,Mn,Zn)S.  Analysis  :  J.  P.  Cooke,  Rockport,  SiO, 
81-73,  FeO  27*40,  MnO  6  28,  ZnO  17-51,  BeO  13-83,  S  5-48=102-23.  By  subtracting  from 
the  analysis  oxygen  2*74,  equivalent  to  the  sulphur,  the  sum  is  99*49. 

Pyr.,  etc. — B.B.  fuses  readily  on  the  edges  to  a  black  enamel.  With  soda  on  charcoal  gives 
a  slight  coating  of  zinc  oxide.  Perfectly  decomposed  by  hydrochloric  acid,  with  evolution  of 
sulphuretted  hydrogen  and  separation  of  gelatinous  silica. 

Ob«.— Occurs  in  the  Rockport  granite.  Cape  Ann,  Mass. ,  smaU  grains  being  disseminated 
through  this  rock ;  also  near  Gloucester,  Mass. 

EuLYTiTE  (Kieselwisoiuth,  Oerm.). — Isometric,  tetrahedral;  in  minute  crystals  often 
aggregated  together.  H.  =4*5-5.  G.  —6-106.  Color  grayish- white  to  brown.  Cainp.  A  uni- 
sUicate  of  bismuth,  Bi4SiaOia.  Schneebeig.  AgricoliU.  Composition  similar,  but  form 
monoclinic.  Occurs  in  globular  masses  having  a  radiated  structure,  and  in  indistinct  groups 
of  crystala     Schneeberg  (color  hair-brown)  and  Johanngeorgenstadt  (color  wine -yellow). 

BiSMUTOFBRRiTE.— Crjrptoorystalline;  generally  massive.  H.=3-5.  G.=4*47.  Color 
olive-green.  Analysis  (Frenzel)  SiO,  24*05,  FeO.  38*12,  Bi.O,  42  83=100.  Schneeberg. 
HypocfiloriU  is  homstone  mixed  with  the  above  mineral  and  other  impurities. 


Garnet    Group, 
OARNBT.    Granat,  Qerm, 


Isometric;   dodecahedi*on,  f.  537,  and  the   trapezohedron  2-2,  f.   538, 
the  most  common  forms;  octahedral  form  very  rare.    Distorted  forms 
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sliowii  in  f.  845-352, pp.  105, 106.  Cleavage:  dodecahedral,8()inctimesquite 
diBtinut.  Twiiia:  twinnmg-plane  octahedral.  Also  massive;  granular, 
Goai'se,  or  fine,  and  BOmetiniCB  friable ;  lamellar,  laiTiellse  tliick  and  bent. 
Also  very  compact,  crj-pto-cryatalline  like  sanseurite. 


H.=6'5-7'5.  G.=3-15-4'3.  Lustre  vitreous — rosinons.  Color  red, 
brown,  yellow,  wliito,  apple-gi-een,  black ;  some  i-ed  and  green  colore  often 
bright.  Streak  white.  Tranepai-ent — subtrausluoent.  Fracture  eubcon- 
cboidal,  uneven.  Brittle,  and  sometimes  friable  when  granular  niassivo; 
very  tough  when  compact  ci-y ptoery stall! ne.  SometiTnes  donbly  refracting 
Iti  consequence  of  lamellar  structure,  or  in  some  cases  from  alteration. 

Oomp.,  Tur. — Gunst  is  a  oniBiliciito  of  elementB  in  tha  sesquioxide  and  protoxide  atateR, 
llBving  the  general  (onntila  R,RSi|0,].  There  are  three  prommeut  gronpe,  baaed  cm  tlie 
nature  of  the  predominating  gesqnioiide. 

I.  Alumina  oarnet.  in  which  atumiiiuia  (.-^1)  pTedominatei. 

II,  InoN  OABKBT,  in  which  iron  [Vej  prtdomi nates,  ngDallj  with  some  alaminum. 
Jll.  CiTKouB  OAIIKST  In  which  dir&mium  (t'r)  ia  most  prominent. 

There  are  the  following  Tarietiea  or  subspeoiea,  based  on  the  predominance  of  one  or  another 
of  the  protoiidea : 

A.  (iitos8[ii.ARrrB,  or  lAme-Aluminn  garnet.  B.  Pvropb,  or  XngjtftUt-Alumiiui  garneL 
C.  Ai.UANDiTK,  or  Iron-Aliimina  garnet.  D,  Spebsahtitk,  or  Mimgimete-AUimiioi  iinrnct. 
E,  AndkadItb,  or  lAmt-Irim  garnet,  including  1,  ordinaiy ;  2,  manganesian,  or  liiithoffite  : 
3.  yttriferons,  or  Tttw-garnet.  F.  Bbedueuoitk,  it  Liinc-Magneaia-Iron  gtirntt.  R, 
OcvAKOVlTB,  or  Lime- CATO'ne  garnet.  Excepting  the  last,  Uiese  aubdiriiiions  blend  with  one 
another  more  or  lesa  completely, 

A.  lAme-Aluiniiuignrnel ;  GnoaaoLARiTE.  Cinnamon  stone,  A  silicate  mainly  of  aluminam 
and  calcium;  formula  mostly  Ca,A19i,Oi,  =  SJlioa  40-0,  ulumms  3^-8,  lime  :i7'2  =  10«>.  But 
aorae  calciam  often  replaced  by  irou,  and  thns  graduating  toward  the  Almandita  group.  Color 
(ii)  white;  \h)  palejreen;  (e)  umber-  and  honey-yollow ;  (rf)  wine -yellow,  browninh -yellow, 
cinnamon- brown;  rarely  (e)  amerald-green  from  the  presence  of  chromium.     G.  =3  4r-3'75. 

B.  Afrgneeia-Alunuiui  gurnet;  PvitoPG.  A  silicate  of  nluminnin.  with  various  protoxide 
bOHua,  among  which  magnesium  predominates  much  in  atomic  proportions,  while  in  small  pro- 
portion in  other  gamete,  or  absent.  Formula  <Mg,Ca,Fe,Mn)i,^lSi|0|],  The  original  pyrope 
ifl  the  kiud  containing  chrominm.  In  the  aniilysia  of  the  Arondat  magneHia-gamct,  Mg  :  Gn  : 
Fe-HMn=3  :  1  :  3;  8iO,  43-45,  AlO,  2347,  FeO  089,  MnO  6-27,  MgO  ia-43,  CaO  (i-53= 
100-44  Wacbt.    G,  =3167.     The  nr»rae  R/rujw  is  from  Tri.,,...^^;,  fire-like. 

C-  Inm-AtuTtiini  garnet;  Almandite.  A  silicate  mainly  of  aluminium  and  iron  (Fs); 
fonnola  Fe,AlSi,Oi,= Silica  88-1,  alumina  20  6,  iron  protoiide  4;l-3  =  100;  Or  Mn  may  re- 
place some  of  the  Fe,  and  Pejiart  of  the  Al.  Color  fine  deep-red  and  transparent,  niid  tben 
c  tiled  preciaiia  gurnet ;  also  brownish-red  and  translucent  or  sub  translucent,  mmmun  giiniti; 
black,  and  then  referred  tovor.  mtianiU,  Part  of  coninon  garnet  belongs  to  the  AudntdiU 
group,  or  is  iron  garnet. 
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D.  Manganese- Alumina  garnet;  Spessartite.  Color  dark  hyacinth-red  (fr.  Spessart), 
sometimes  with  a  shade  of  violet,  to  brownish-red.  G.  =3 '7-4 '4.  Analysis,  Haddam,  Ct., 
SiOj  3616,  AlO,  19-76,  FeO  1110,  MnO  3218,  MgO  022,  CaO  0-58=100,  Ramm. 

E.  Lime- Iron  garnet ;  Andradite.  Aplome.  Color  various,  including  wine-,  topaz-, 
and  greenish-yellow  (topazolite),  apple-green,  brownish-red,  brownish -yellow,  grayish^green, 
dark  green,  brown,  grayish-black,  black.    G.  =3.04-4. 

Corap. — CaaFeSijOia,  this  includes  :  («)  TojumMte^  having  the  color  and  transparency  of 
topaz,  and  also  sometimes  green ;  although  resembling  essonite,  Damour  has  shown  that  it 
belongs  here,  (b)  Cciophonite^  a  coarse  granular  kind,  brownish-yellow  to  dark  reddish- 
brown  in  color,  resinous  in  lustre,  and  usually  with  iridescent  hues ;  named  after  the  resin 
cohphony.  (c)  MeUin-ite  (named  from  ui^at;^  bUick)^  black,  either  dull  or  lustrous;  but  all 
black  garnet  is  not  here  included.  P/zreneite  is  grayish -black  melanite ;  the  original  afforded 
Yauquclin  4  p.  c.  of  water,  and  was  iridescent,  indicating  incipient  alteration,  (d)  Dark  green 
garnet,  not  distinguishable  from  some  allochroite,  except  by  chemical  means. 

F.  Jjime-Magiittda  Iron  garnet ;  Bkedbergite.  A  variety  from  Sala,  Sweden,  is  here 
included.  Formula  (Ca,Mg)8FeSiaOia  =  Silica  37  2,  iron  sesquioxide  33'1,  magnesia  12*4, 
lime  17-3  =  100.     It  corresponds  under  Iron  garnet  nearly  to  aplome  under  AJumina  garnet. 

G.  Lime-Chrome  garnet  ;  0\}\Ai\o\iTE,.  A  silicate  of  calcmm  and  chromium.  Formula 
CajCrSiaOia.  In  the  Ural  variety,  a  fourth  of  the  chromium  oxide  is  replaced  by  aluminum 
oxide ;  that  is,  Al  :  €rr=  1  :  3  nearly.  Color  emerald-green,  H.=7'5.  G.  =3*41-^ '52.  B.B. 
infusil)le ;  with  borax  a  clear  chrome-green  glass.     Named  after  the  Russian  minister,  Uvarof . 

Pyr.,  etc. — Most  varieties  fuse  easily  to  a  light-brown  or  black  glass  ;  F.  =3  in  ahnandite, 
spessartite,  grossularite,  and  allochroite  ;  3*5  in  pyrope;  but  ouvarovite  is  abnost  infusible, 
F.=0.  Allochroite  and  almandite  fuse  to  a  magnetic  globule.  Reactions  with  the  lluxes 
vary  with  the  bases.  Almost  all  kinds  react  for  iron  ;  strong  manganese  reaction  in  spesnar- 
tite,  and  less  marked  in  other  varieties ;  a  chromium  reaction  in  ouvarovite,  and  in  most  py- 
rope. Some  varieties  are  partially  decomposed  by  acids ;  all  except  ouvarovite  are  decomposed 
after  ignition  by  hydrochloric  acid,  and  generally  with  separation  of  gelatinous  silica.  Decom- 
posed on  fusion  with  alkaline  carbonates. 

DiX — Ordinary  garnets  are  distinguished  from  zircon  by  their  fu^bility  B.  B.,  but  they  fuse 
ieSH  readily  than  vesuvianite  ;  the  vitreous  lustre,  absence  of  piismatic  structure,  and  usually 
the  form,  are  characteristic;  it  has  a  higher  specific  gravity  than  tourmaline. 

Obs, — Garnet  crystals  are  very  common  in  mica  schist,  gneiss,  syenitic  gneis.*?,  and  horn- 
blende and  chlorite  schist ;  they  occur  often,  also,  in  granite,  syenite,  crystalline  limestones, 
sometimes  in  serpentine,  and  occasionally  in  trap  and  volcanic  tufa  and  lava. 

Some  localities  are:  Cinnamon-stone  {Kanmite)^  Ceylon;  Mussa-Alp  in  Piedmont. 
Or(ts8ularite^  Siberia;  Tellemark,  Norway;  Ural.  Ahnandite^  Ceylon,  Pegu,  Brazil,  and 
Greenland.  Common  garnet  in  large  dodecahedrons,  Sweden ;  Arendal  and  Kongsberg  in 
Norway,  and  the  Zillerthal.  Mekinite  at  Vesuvius  and  in  the  Hautes- Pyrenees  {Vyreneite), 
Aplome  Sit  Schwarzenberg  in  Saxony.  Sptumtriite  at  Spessart  in  Bavaria,  Elba,  at  St.  Marcel, 
Piedmont.     Pyrope  in  Bohemia,  also  at  Zoblitz  in  Saxony.     OucarociU  in  the  Urals. 

In  N.  America  in  Maine^  Phippsburg,  Uumford,  Windham,  at  Brunswick,  etc.  In  N.  Ilamp.^ 
Warren.  In  Mass.,  at  Carlisle;  massive  at  Newbury-;  at  Chesterfield.  In  Conn.,  trapezo- 
hedrons,  ^-1  in, ,  in  mica  slate,  at  Reading  and  Monroe  ;  Haddam.  In  JV^.  Ybrk\  at  Roger's 
Rock;  Crown  Point,  Essex  Co.;  at,Amity.  In  aV.  Jersey,  at  Franklin.  In  Penn.^  in  Chester 
Co.,  at  Peunsbury ;  near  Knauertown,  at  Keims'  mine;  at  Chester,  brown;  in  Leiperville, 
red;  near  Wilmington,  In  Californui^  in  Los  Angeles  Co.,  in  Mt.  Meadows;  ouvarovite  at 
New  Idria ;  pyrope.  near  Santa  F6,  New  Mexico.  In  Canada^  at  Marmora,  at  Grenville ; 
chrome -garnet  in  Orford,  Canada. 

The  cinnamon- stone  from  Ceylon  (called  hyacinth)  and  the  precious  garnet  are  used  as  gems 
when  large,  finely  colored,  and  transparent.  The  stone  is  cut  quite  thin,  on  account  of  the 
depth  of  color,  with  a  pavilion  cut  below,  and  a  broad  table  above  bordered  with  small  facets. 
An  octagonal  garnet  measuring  8^  lines  by  6^  has  sold  for  near  $700.  Pulverized  garnet  is 
sometimes  employed  as  a  substitute  for  emery. 


Vesuvianite  Oroujp. 

ZIROON. 


TetraTOTial.  6>  A  1-^=14:7°  22';  i  =  0-640373,  Haidinger.  /Al  = 
132^  10.  Faces  of  pyramids  sometimes  convex.  Cleavage:  /imperfect, 
1  less  distinct.     Also  m  irregular  forms  and  grains. 
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II.=7*5.  ti.=4'05-4'75.  Liistre  adamantine.  Colorless,  pale  yellow- 
ish, grajn'sli,  yellowish-green,  browuisli-y el !<>«■,  reddisli- brown,  Sti-eak  un- 
colored.  Transparent  to  enbtransluceiit  and  opaque.  Fracture  uonchoidai, 
biilliant.     Double  refraution  strong,  positive, 

CiiS  546 


Saualpe. 


UcDoweU  Co.,  N.  0. 


Var.— Tho  eoloriem  and  yeUowish  or  smoky  arcons  of  Ceylon  hitve  there  been  loig  called 
Jiirg^iif  in  jewelry,  in  allusion  to  tho  foot  thiit,  whilu  toaembling  the  diamond  iu  lustre,  they 
wore  comparativeiy  worthless ;  and  thfuce  came  the  name  ziroM.  The  brownish,  onuige,  and 
Tedilisb  kindH  were  callud  distinctively  hyucinUti — a  name  applied  oLio  in  jewelry  to  tiomu  topaz 
and  light-oolored  g&TDHt. 

Ooinp.— ZrSiO,=8iLoa  33,  drconia  67  =100.  Klaproth  discovered  tho  earth  zirconiB  in 
this  Bpecics  iu  1780. 

PyrT  etc.— Infusible;  the  colorless  varieties  are  unaltered,  the  red  b 
dark-colored  varieties  are  made  whit«  ;  some  Tsrieties  ([low  and  increai 
tiun.  Not  perceptibly  acted  npon  by  salt  of  pbosphorua.  In  powder 
fused  with  soda  on  t^e  platinuni  wire,  and  if  the  product  is  dissolved  i 
Bind  it  i^ves  the  orange  color  charncteristic  of  xirconia  when  tested  with 
acti'd  upon  by  acids  except  in  fine  powder  with  concentrated  aulpbiui 
by  faslon  with  alkaline  carbouatcs  and  bisulphaUxi. 

Difi.— DiatiuKiiished  by  its  adamantine  lustre,  hardness,  and  inf asibiliCy ;  the  o< 
square  prismatic  forms  a  also  characteristic 

Obs.— Occurs  in  crystalline  rocks,  especially  granalar  limestoQe,  chloritic  and  other  soMstB  ; 
gneiss,  syenite  \  also  in  granite  ;  sometimes  in  iron-ore  beds. 

Found  in  allnvial  sands  in  Ceylon  ;  in  the  gold  regions  of  the  Ural ;  at  Arendal  in  Norway  ; 
at  Fredericksviini,  in  lircon -syenite ;    in  Transylvania  ;  at  Bilin  in  Bohemia. 

In  N.  America,  iu  itr.  Xnrit,  at  Moriah,  Essex  Co..  and  in  Oran^  Co.;  in  Warwick ;  near 
Amity ;  at  Diana  in  Lewis  Co.;  also  at  Rossie.  In  N.  Jerw!/,  at  Franklin ;  at  Trenton  in 
gneiss.  In  iV.  Car.,  in  Buncombe  Co.;  in  the  sinda  of  the  gold  washinfjK  of  McDowell  Co. 
In  C'litifurnia,  in  the  auriferous  gravel  of  the  north  fork  of  the  American  river,  and  elaa- 
where.     In  Canada,  at  Qrenville,  etc. 


He  in  density  by  igni- 
is  decomposed  when 
n  dilute  hydrochlorio 
turmeric  paper.  Not 
lo  acid.     Decomposed 


■  VfiSU  VIANITB.    Idocrase. 

Tetragonal.  <?Al-i  =  151"  45';  c=  0-537199  (v.  Kokscharof).  OaI 
=  M'i"  iHi'  1  A 1,  ov.  1-i,  =  129°  21'.  Cleavajfe :  /  not  very  distinct,  0 
etill  loss  so.  Columnar  etnicture  rare,  straight  and  divergent,  or  Inegiilar. 
Sometimes  granular  massive.  Prisms  nsually  terminating  in  the  basul  plane 
O;  rarely  in  a  pyramid  or  zirconoid;  sometimes  the  prism  nearly  wanting, 
and  the  form  short  pyramidal  with  truncated  summit  and  edges. 


MIMERALOGT. 

■349-3"45.     Luetre    vitreoiiB;    often   inclining  to   re- 
iiKiiis.       Color   brown   to   creen, 
851  and  the  latter  freqnently  bright 

and  ulear;  ocuasiotialh*  siilpliiir- 
ycUow,  and  also  mle  blue ;  Bume- 
tiines  gieen  along  tlie  axis, 
and  pistachio-green  tranevereely. 
Strealt  white.  Siibt  ran  spa  rent — 
faintly  sub  translucent.  Fracture 
sn  bcon  clioidal  — ii  nevcii.  Doublo 
refraction  feeble,  axis  negative. 

Oomp,  V«r,— Q,  ratio  for  R  :  R  :  Si  = 
4:3:7  (oocoidiiig  to  the  latest  iuveHti- 
g&ttoiiB  of  RBminelBberg).  B=Ca  (kIbo 
M(r,Pe,orHi.K„Na,);  H=Mund  sluoFe. 
U  we  neg-lect  the  water  the  empirical  fot- 
where  the  qonntiTsJent  r»Cio  of  bases  to  siliooa  lb  1  :  1.     The  ratio  of 


FeO,      FoO       MgO 


(3) 


G-54 


e'88 


CoO      Na,0(K,0)      H,0 

35-34  018  S'08=  00'75 

8504  0-66  0.82=10100. 


Pyr^  ate. — B.B.  fuses  at  3  with  intnmeBceace  to  a  greemsh  or  brownish  glasa.  Magniu 
Btetes  that  the  deusitr  after  fnsioa  is  S-9it-3  04J).  Witb  ^e  flaxes  gives  reactions  for  iron, 
and  a  TaTJet;  from  St.  Marcel  giyes  a  strong  maoganese  reaction.  Oyprioc  gives  a  reactioD  for 
copper  with  salt  of  phosphoms.  Partially  decomposed  bf  hjdrochlorio  acid,  and  complet^tj 
when  the  mineral  has  been  pretionsly  ignited. 

JXB. — Besembles  some  brown  varieties  of  garnet,  toormaline,  and  epidote,  but  its  tetragonal 
form  and  easy  fosibilitf  distinguish  it. 

Obi TeBQvianite  was  first  found  among  the  ancient  ejectiona  of  Vesnvion  and  the  dolo- 

mitic  blocks  of  Somma,  It  bos  since  been  met  with  most  abnodontl;  in  granular  limestone ; 
also  in  serpentine,  chlorite  schist,  gneiss,  and  related  locks.  It  is  often  associated  with  lime- 
gamet  and  pp-oiene.     It  bas  been  observed  imbedded  in  opal. 

Occurs  at  Veauvlua  ;  at  Ala,  in  Piedmont ;  at  Monzoni  in  the  Fassathal ;  near  Christiansand, 
Norway  ;  on  the  Wiliii  river,  near  L,  Baikal ;  in  the  Urals,  and  elsewhere. 

In  N.  America,  in  Milinf,  at  Phippsbuig  and  Bumford,  abundant;  bandford  (f.  I>51).  In 
N.   Torft,  at  Amity.     In  jV.  Jer»fy,  at  Newton.     In  tVinnrfii,  at  Calumet  tails  ;  at  Qrenville. 

Helilitb  from  Capo  di  Bove,  and  HUMitoLDTII.ITE  from  Mt.  Somma.  are  similnr  in  com- 
position. Analysis  of  the  melilite  bj  Damour.  SiO.  38;M,  AlO,  8  -Ol,  l^eOi  1002,  CaO  32  08, 
Mg08-71,  Na^  212,  K,0  lBl^W-38.     Tett^onal.    Color  honey-yellow. 


Epidote  Group. 

The  species  of  the  Epidote  Group  are  cliaracferijicd  by  high  sjjeciHe 
gravity,  above  3 ;  hardness  above  a  ;  fusibility  B.B.  below  4  ;  uiilsoinetric 
crj'atallizatioii,  and  therefore  bia."iial  polarization  ;  the  dominant  prismatic 
angle  113°  to  117° ;  fibrous  forms,  w-hen  tliey  occur,  always  brittle  ;  colors 
white,  gray,  brown,  yellowish-green,  and  deep  green  to  black,  and  some- 
times reddish. 

The  priamatio  angle  in  xolsite  and  other  ortliorbomblo  species  is  /a  /;  bnt  in  epidote  it  is 
the  aujjle  over  a  horizontal  ed^  between  the  planes  0  and  i-l,  the  orthodiaKonal  of  epidota 
corresponding  to  the  vertical  axis  of  loioite,  ae  explained  under  the  latter  apacieo. 
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BPIDOTB,    Fistazite. 

MoTioclinic.  C  =  89°  27' ;  i-2  A  i-2  =  63°  8',  (9  A 14  =  122°  23' ;  c  :  J  :  i 
=  0-48436  :  0-30719  : 1.  6^  Al-i  =  154°  3',  O  A  ~l-i  =  154°  15',  i-i  A  -1 
=  104°  48',  i-i  A  I  =  104°  15'.  Crystals  usually  lengthened  in  the  direc- 
tion of  the  orthodiagonal,  or  pai-allel  to  i-i;  sometimes  lon^  acicular. 
Cleavage:  i-i  perfect;  1-i  less  so.  Twins:  tvvinning-plane  1-t;  also  i-i. 
Also  fibrous,  divergent,  or  parallel ;  also  granular,  particles  of  various  sizes, 
sometimes  fine  granular,  and  forming  rock-masses. 
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H.=6-7.  G.=3-25-3'5.  Lustre  vitreous,  on  i-i  inclining  to  pearly  or 
resinous.  Color  pistachio-green  or  yellowish-green  to  brownish-green, 
greenish-black,  and  black  ;  sometimes  clear  i-ed  and  yellow  ;  also  gray  and 
grayish- white,  Pleochroism  often  distinct,  the  crystals  being  usually  least 
yellow  in  a  direction  through  1-i  (see  p.  162).  Streak  uncolored,  grayish. 
Subtranspareut — opaque ;  generally  subtranslucent.  Fracture  uneven. 
Brittle. 


Var. — Epidote  has  ordinarily  a  peculiar  jellowiBh-green  (pistachio)  color,  seldom  found  in 
other  minerals.  But  this  color  passes  into  dark  and  light  shades — black  on  one  side,  and 
brown  on  the  other.  Most  of  the  brown  and  nearly  aU  the  gray  epidote  belongs  to  the  species 
ZoisUe ;  and  the  reddish-brown  or  reddish-black,  containing  much  oxide  of  manganese,  to 
the  species  Piedmontite^  or  Manganepidot ;  while  the  black  is  mainly  of  the  species  AUamte^ 
or  Cerium-epidote. 

Oomp. — Quantivalent  ratio  for  Ca  :  R  :  Si=4  :  0  :  12,  and  H  :  Ga=l  :  4.  The  formula  is 
then  H^Ca4HaSi8028.  il  is  Fe  or  Al,  the  ratio  varying  from  1  :  2  to  1  :  6.  Analysis,  Unter- 
sulzbach,  Tyrol,  by  Ludwig :  SiOj  SIS^,  lUO,  2263,  FeO,  15  02,  FeO  0-93,  CaO  23*27,  HaO 
2*05=100*78.  As  first  shown  by  Ludwig,  epidote  contains  about  2  p.  c.  water,  which  is 
given  off  only  at  high  temperatures. 

Pyr.,  etc. — In  the  closed  tube  gives  water  at  a  high  temperature.  B.  B.  fuses  with  intumes- 
cence at  3-3  *5  to  a  dark  brown  or  black  mass  which  is  genemally  magnetic.  Reacts  for  iron 
and  sometimes  for  manganese  with  the  fluxes.  Partially  decomposed  by  hydrochloric  acid, 
but  when  previously  ignited,  gelatinizes  with  acid.  Decomposed  on  fusion  with  alkaline  car- 
bonates. 

DifE^ — Distinguished  often  by  its  peculiar  yeUowish-green  color ;  yields  a  magnetic  globule, 
B.  B.  Prismatic  forms  often  longitudinaUy  striated,  but  they  have  not  the  angle,  cleavage, 
or  brittleness  of  tremolite. 

Obs. — Epidote  is  common  in  many  crystalline  rocks,  as  syenite,  gneiss,  mica  schist,  hom- 
bleiidic  schist,  serpentine,  and  especially  those  that  contain  the  ferriferous  mineral  horn- 
blende. It  often  accompanies  beds  of  magnetite  or  hematite  in  such  rocks.  It  is  sometimes 
found  in  geodes  in  trap ;  and  also  in  sandstone  adjoining  trap  dikes,  where  it  has  been 
formed  by  metamorphism  through  the  heat  of  the  trap  at  the  time  of  its  ejection.  It  also 
occurs  at  times  in  nodules  in  different  quartz-rocks  or  altered  sandstones.  It  is  associated 
often  with  quartz,  pyroxene,  feldspar,  axinite,  chlorite,  etc.,  in  the  Piedmontese  Alps. 

Beautiful  crystallizations  come  from  Bourg  d^Oisans,  Ala,  and  Traversella,  in  Piedmont ; 
Zermatt  and  elsewhere  in  Switzerland ;  Monzoni  in  the  Fassathal ;  the  Untersulzbachthal  and 
ZiUerthal  in  the  Tyrol 

In  N.  America,  oocors  in  Mass.,  at  Cheater ;  at  Athol ;  st  Borne.    In  Conn.,  at  Haddam. 
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In  iV.  TorJc.,  at  Amity  ;  near  Monroe,  Orange  Co. ;  at  Warwick.  In  N,  Jersey ,  at  Franklin. 
In  Penn.^  at  £.  Bradford.  In  MiMgan,  in  the  Lake  Superior  region.  In  Canada,  at  St 
Joseph. 

PiKDMONTiTE  (Hanganepldot,  Germ.). — A  manganese  epidote  ;  formula,  H2Ca»HaSi6026, 
with  a  principaUy  Mu  (also  Al,  j^).  Color  reddish-brown.  St.  Marcel,  Aosta  valley,  Pied- 
mont. 

AIiLANITB. 

Monoclinic,  isomorphous  with  epidote.     C  =  89°  1' ;  O  A  1-5  =  1 22°  50^', 

{-2  A  i-2  =  G3°   58' ;    c  :  b  :  d  = 
655  0-483755  :  0-312187  :  1.     Crystals 

either  filiort,  flat  tabular,  or  long 
and  slender,  sometimes  acicnlar. 
Twins  like  those  of  epidote.  Cleav- 
age: i-i  in  traces.  Also  massive, 
and  in  angular  or  rounded  grains. 

H.=5-5-0.  G.=:30-4-2.^  Lnstre 
submetallic,  pitchv,  or  resinons — 
occasional ly  vitreous.  Color  pitch- 
brown  to  black,  either  brownish,  greenish,  grayish,  or  yellowish.  Streak 
fray,  sometimes  slightly  greenish  or  brownish.  Subtranslucent — opaque, 
'racture  uneven  or  subconchoidal.  Brittle.  Double  refraction  either  dis- 
tinct, or  wanting. 

Var. — AUnnite  {Carine).  In  tabular  crystals  or  plates.  Color  black  or  brownish -black. 
G.=3'50-3'95;  found  among  si)ecimens  from  East  Greenland,  brought  to  Scotland  by  C. 
Gieseckc.  BuckUmdite  is  anhydrous  allanite  in  small  black  cryHtala  from  a  mine  of  magnetite 
near  Arendal,  Norway.  Referred  here  by  v.  Rath  on  the  ground  of  the  angles  aud  physical 
characters. 

Orthite.  Including,  in  its  original  use,  the  slender  or  acictilar  prismatic  crystals,  often  a 
foot  long,  containing  some  water.  But  these  graduate  into  massive  forms,  aud  some  orthites 
are  anhydrous,  or  as  nearly  so  as  much  of  the  allanite.  The  name  is  from  opB6ss  straight. 
The"  tendency  to  alteration  and  hydration  may  be  due  to  the  slemleruess  of  the  crystiils,  and 
the  consequent  great  exiKwure  to  the  actiou  of  moisture  and  the  atmosphere.  II.  =5-6. 
G.  =2 •80-; J*  75.     Lustre  vitreous  to  greasy. 

Oomp. — Not  altogether  certain,  as  analyses  vary  considerably,  some  showing  the  presence 
of  considerable  water.  According  to  Rammtlsberg  the  Q.  ratio  for  bases  to  silicon  =  1  :  1 
(epidote^ljj  :  1).  Allanite  has  then  the  ganiet  formula,  Rjl^SiiOn,  where  R=Ce(Ln.Di), 
Fe(AIn),  Ca(Mg),  and  occasionally  Y,Na.,K2,  etc.;  ft=AlorFe.  Analvsis  allanite  (Ramm.), 
Fredrikshaab,  SiOa  I«'78,  AIO3  140:3,  FeO,  iJ-'diS,  FeO  1303,  CeO  12-03,  LaO(DiO)  507,  CaO 
1212,  H.Ol  78=100. 

Pyr.,  etc. — Some  varieties  give  water  in  the  closed  tube.  B.B.  fuses  easily  and  swells  up 
(F.=2'5)  to  a  dark,  blebby,  magaetic  glass.  With  the  lluxes  reacts  for  iron.  Most  varieties 
gelatinize  with  hydrochloric  acict,  but  if  provif>usly  ignited  are  not  decomposed  by  acid. 

Obs — Occurs  in  albitic  and  common  fuldspathic  granite,  syenite,  zircon- syenite,  i)orphyry, 
white  limestone,  and  often  in  mines  of  magnetic  iron.  AWmite  occurs  in  Greenland;  at 
Criffel  in  Scotland  ;  at  Jotun  Fjeld  in  Norway  ;  at  Snanim,  near  Dresden  ;  near  Sclnnicde- 
feld  in  the  Thiiringerwald.  Ceriue  occurs  at  Bastnils  in  Sweden.  Orthite  occurs  at  Finbo 
and  Ytterby  in  Sweden;  also  at  Krageroe,  eto.,  in  Norway  ;  at  Miask  in  the  Ural. 

In  JfuM.,  at  the  Bolton  quarry,  bi  Conn.,  at  Iladdam  In  j\'.  York,  Moriah,  Essex  Co.; 
at  M(mroe,  Orange  Co.  In  ^.  Jersey^  at  Franklin.  In  Venn. ,  at  E.  Bradford  in  Chester  Co. ; 
at  Easton.     Amherst  Co.,  Va.     In  Cmi^tda.  at  St.  Paul's,  C.  W. 

MiHOMONTiTE  and  Bodenite  from  Marienberg,  Saxony;  and  Michaelbonite  from 
Brevig,  are  minerals  related  to  allanite. 

ZOISITE. 

Orthorhombic.  7a  /=  116°  40',  (?  A  l-J  =  131°  1^' ;  c\h:d  =  1-1493 
:  1*62125  :  1.     Crystals  lengthened  in  the  direction  of  the  vertical  axis,  and 


OXYOEtT  COMPOCIfDB— 'AHHTDBOTTB 

vertically  deeply  Btriatcd  or  furrowed.     Cleavage :  i-i  very  perfect, 
iiioiily  in  cryBtallitie  masses  longitudinally  furrowed. 
Also  compact  niaraive. 

II.=6-6-5.  G.=311-3-38.  Lustre  pearly  on  i-i; 
vitreous  on  surface  of  fmcture.  Color  grayish-white, 
gray,  yellowish,  brown,  greenish-gray,  apple-green; 
als(i  pcacli-blossom-red  to  rose-red.  Streak  uiicoloved. 
Ti-anspai-eiit  to  subtranslueent.  Double  refraction 
fetilile,  o|>tic-axial  plane  i-l ;  bisectrix  positive,  normal 
to  i-l ;  DesCL 

Var A.  LrME-ZorsrTK,     1.   Ordinary.      Colors  gray  to  white 

nnd  brown.  3.  liite-rtd,  or  ThvJile.  G.=S-134  ;  fragile  ;  dichro- 
icin  strong,  especially  in  tha  direction  of  the  verticnl  axis  ;  in  this 
direction  reddish,  tranfiTBrisely  colorless;  from  Norway,  Picdraout. 
Siii»»iirite,  which  forma  with  smarogdite  the  euphotideof  the  Alps, 
ill  a  lime-soda  zoisite. 

Comp.— A  lime-epidole,  with  little  or  no  iron,  aod  thus  differing  from  epidote.  Q.  ratio 
as  in  epidote,  H:  Co— 1  ;  4,  and  Ca  :  R  ;  Si=4  :  9:  12,  whence  the  formnla  H,C».fiiSi,Oi,. 
Analysis,  Rarara.,  Goshea  (G.  =  3-341)  SiOj  4000,^10,  :iO  B?,  FeO,  3  M,  CaO  3301,  MgO 
0  4!*,  H.0  3-25=Wle3.  The  •roouat  of  iron  se.aquioiide  varies  from  0  to  0-;W  p.  o.  ;  it  much 
more  is  present,  amonnting  to  a  eixth  atomtcally  of  the  protoxide  basew,  the  oompound 
appears  to  take  the  monoclinic  form  of  epidote,  iiilil«ad  of  the  ortho rhombic  of  snisite. 

Pyr.,  etc. — B.B.  swells  np  and  fuses  at  li-3'5  to  a  white  blebby  mass.  Not  decomposed  by 
acid  ;  when  pievioosly  ignited  gelatinizes  with  hydrochloric  acid. 

Obi — Occurs  at  Saonlpe  in  Gorinthia ;  BaireuCh  in  the  t'ichtelgcbir^e  ;  Sterzing.  Tyrol ; 
L.ike  Oeocva;  Schwarawaid;  Areodal,  etc.  In  the  United  States,  found  in  VcmwRt,  at 
WiiUlioro  and  Montpelier.  In  Mai*.,  at  Goahen,  Cbeelcrfield.  eto.  In  I'enn.,  in  Chester  Co.; 
at  Uiiiouville.  white  {(Inionite).     In  Ttnn,,  at  the  Ducktown  copper  mines. 

J.ti>f{rrK  is  ODO  of  the  kinds  of  pole  green  stonrs  usi  d  in  China  for  making  ornamenCa.  and 
pasning  nuder  the  general  name  of  jaile  or  nephrite.  Mr.  Puropolly  remarks  that  the  feit*vi 
is  |>erhaps  the  most  prized  of  all  stones  among  the  Chinesa.  In  composition  mainly  a  stlicato 
of  aluminum  and  siidium.     Id  its  high  specific  gravity  like  zoiEita. 

G.ir(ii,is  IT K.— Monoclinic  (DesCl,).  Color  greeoish-blnck.  Contains  yttrinm,  cerium,  and 
geutrally  beryllium;  though  the  IobC  is  somctinicB  absent,  through  alteration  (DesCL). 
Sweden  ;  Greenland  ;  Norway, 

— A  silicate  containing  titaniura,  cerinm,  and  calcium.     Brevig,  Norway. 


IZiTATTE.    Lienite.     Tenite. 

Orthorhombic.    JaJ=U2°SS',  0  a  U  =  146°  24' ;  c:t:  i  =  0-66608 
l-5iK)4  : 1.     O A  1  =  141°  24',  Oa24=  138°  29'.    Lateral 
fin-os  usually  Eitt'iated  lou'tiiudinally.     Cleavage :  parallel 
til  the  longer  diagonal,  indistiiiut.     Also  columnar  or  coui- 
l>ai:l;  massive. 

lI.  =  5-y-6.  G.=3-7-4-2.  Lustre  snbmctallie.  Color 
ir<iii-black,  or  dark  grayish-black.  Streak  black,  inclining 
to  gi'cen  or  brown.     Opaque.     Fracture  uneven.     Biittle. 

Comp.^Q.  ratio,  for  B-(-R  :  Si  ;  H=B  :  9  :  1,  and  for  bases,  including 
Iirdrogun.  to  silicon  S  :  4  (Sttideler).  Sipdcz  b;  the  analysis  of  entirely 
unaltered  orystals  (O.=4'037)  from  Elba  conflrmz  the  conclusions  of 
Bliideler  in  regard  to  the  presence  of  chemically  combined  water,  and 
niiopta  the  same  formula,  viz.:— H5C ijFe,FeSi,0,..  This  requires: 
Siliou  30':j4.  iron  sesqnioxide  19-51).  iron  protoxide  S5  2t,  lime  IS-6U, 
wHt-er  3-20  =  100;  manganese  protoxide  is  abo  sometimes  present  in  loutJl  qnonlJtiee.  Baia- 
mebibe^  considered  ths  water  aa  due  to  alteration. 
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Pyr.,  etc.— B.B.  fuRes  quietly  at  2*5  to  a  black  magnetic  bead.  With  the  flnxes  xeads  for 
iron.     Some  varieties  give  also  a  reaction  for  manganese.     Gelatinizes  ynth  hydrochloric  add. 

Obs — Foand  in  Elba,  and  at  the  mine  of  Temperino  in  Tuscany.  Also  at  Fossam  and  at 
Skeeu  in  Norway ;  in  Siberia ;  near  Andreasberg  ;  near  Predazzo,  Tyrol ;  at  Schneeberg ;  at 
Hebrtiii  iu  Nassau ;  at  Kangerdluarsuk  in  Greenland. 

Reported  as  formerly  found  at  Cumberland,  R.  I. ;  also  at  Milk  Row  quarry,  Somerville, 
Mass. 

AunKNNiTE  (Dewalquite). — ^Xear  ilvaite  in  form.  Habit  prismatic;  TCirtically  striated. 
CompoHition  given  by  the  analyses,  Lasaulx  and  Bettendorf,  SiO*  29 'dO,  AlOi  23*50,  MnO 
2.V88,  f'eO,  1  «8,  CaO  1*81,  MgO  3-38,  V,0.  9  20,  ign.  4  04=99  09.  Color  dark  rosin -brown. 
In  thin  nplinters  transparent.  Other  varieties,  of  a  bright  sulphur-yellow  color  (but  opaque 
and  dull),  contain  arsenic  (9*33  p.  c.  Ar.06)  instead  of  vanadium.  Between  these  two  ex- 
tremes are  a  series  of  compounds  containing  both  arsenic  and  vanadium.  Lasaulx  regards 
the  arsenic -ardennite  as  having  come  from  the  other  through  alteration.  Locality,  Ottrez  in 
the  Ardennes,  Belgium.     Roscoelite  (p.  345)  is  another  silicate  containing  vanadium. 


lamellar,  lamellie  often  curved  ;  sometimes  granular. 
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Dauphiny. 


Dauphiny. 


ComwaU. 


n.=G-5-7.  G.=3'271,  Ilaidinger;  a  Cornish  specimen.  Lustre  highly 
fflass}'.  Color  clove-brown,  plum-blue,  and  pearl-gray;  exhibits  trichroism, 
diflferent  colors,  as  cinnamon -brown,  violet-blue,  olive-green,  being  seen  in 
different  directions.  Streak  uncolored.  Transparent  to  subtranslucent. 
Fracture  conchoidal.  Brittle.  Pyroelectric,  with  two  axes,  the  analogue  (L) 
and  antilogue  (T)  ix)les  being  situated  as  indicated  in  f.  558  (G.  Rose). 

Oomp. — Analyses  vary.  If  it  contains  2  p.  c.  water  (Ramm.),  and  if  Ba  replaces  Al,  then 
it  is  a  unipUicate  with  the  formula  RTftsWhOia,  R=Fe,Mn,Ca,Mg,  and  Ka,  while  ft=B5,Al 
(Bj  :  M=l  :  2).  Analysis  (Ramm.),  Oisnns,  Dauphind,  SiOa  4346,  B,0,  501,  AlO.  16*88, 
¥eO,  2-80,  FcO  0-78,  MnO  202,  CaO  20  19.  MgO  1*73,  K«0  O'll,  H^O  1-45=101  08. 

Pyr.,  etc. — B.  U.  fuses  readily  with  intumescence,  imparts  a  pale  green  color  to  the  O.F., 
and  fuses  at  2  to  a  dark  green  to  black  glass ;  with  borax  in  0.  F.  gives  an  amethystine  bead 
(manganese),  which  in  R.  F.  becomes  yeUow  (iron).    Fused  with  a  mixture  of  potassium  bisol- 
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phate  and  fluor  on  the  platinum  loop  colors  the  flame  green  (boron).     Not  decomposed  bj 
adds,  but  when  prenously  ignited,  gelatinizes  with  hydrochloric  acid. 

Obs. — Axinite  occurs  near  Bourg  d'Oisans  in  Dauphiny  ;  at  Santa  Maria,  Switzerland;  at 
Kongsberg ;  in  Normark  in  Sweden  ;  in  Cornwall ;  in  Devonshire,  near  Tavistock ;  at  Plups- 
burg,  Maine ;  at  Wales,  Maine ;  at  Cold  Spring,  N.  Y. 

Danburite.— Triclinia  CaB,Sia08=SiUca  488,  boron  trioxide  28*5,  lime  22-7=100. 
Occurs  with  feldspar  in  imbedded  masses  of  yellow  color  in  dolomite,  at  Danbury,  Ct. 


'  and 
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IOIjITB.    Cordierite.     Dichroite. 

Orthorhombic.     In  stout  prisms  often  hexagonal.     I^  1=  119°  10 
60°  50',  O  A  1-i  =150°  49'.     Cleavage  :  U  distinct ;  i-l 
and  O  indistinct.     Crystals  often  transversely  divided 
or  foliated  parallel  with  O.     Twins :  twiiming-plane 
/.     Also  massive,  compact, 

II.=:7-7-5.  G.=2-56-2-67.  Lustre  vitreous.  Color 
various  shades  of  blue,  light  or  dark,  smoky-bhie  ;  pleo- 
chroic,  being  oft.en  deep  blue  along  the  vertical  axis, 
and  brownish-yellow  or  yellowish-gray  perpendicular  to 
it.  Streak  uncolored.  Transparent — translucent.  Frac- 
ture subconchoidal. 

Oomp, — Q.  ratio  for  bases  and  silicon  4  :  5  or  1  :  1^.  The  state  of  oxidation  of  the  iron  is 
still  unascertained,  and  hence  there  is  uncertainty  as  to  the  proportion  between  the  protoxides 
and  sesquioxides.  The  ratio  usually  deduced  for  R  :  R  :  Si  is  1  :  3  :  5.  The  formula  RaK^Sik 
Die,  which  corresponds  to  this  ratio,  =,  if  R=Mg,Fe  and  Mg  :  Fe=2  :  1,  Silica  49*4, 
alumina  33'9«  magnesia  8*8,  iron  protoxide  7*9=100. 

Pyr.,  etc. — B.B.  loses  transparency  and  fuses  at  5-5*5.  Only  partially  decomposed  by 
acids.    Decomposed  on  fusion  with  alkaline  carbonates. 

Obs. — lolite  occurs  in  granite,  gneiss,  homblendic,  chlorite  and  hydro-mica  schist,  and  aUied 
rocks,  with  quartz,  orthoclase  or  albite,  tourmaline,  hornblende,  andalusite,  and  sometimes 
beryl.  Also  rarely  in  volcanic  rocks.  Occurs  at  Bodenmais,  Bavaria ;  at  Ujordlersoak  in 
Greenland ;  at  Krageroe  in  Norway  ;  Tunaberg  in  Sweden  ;  Lake  Laach.  At  Haddam,  Conn.; 
at  Brimfield,  Mass.;  also  at  Richmond,  N.  H. 

Alt. — The  alter.ation  of  iolito  takes  place  so  readily  by  ordinary  exposure,  that  the  mineral 
is  most  commonly  found  in  an  altered  state,  or  enclosed  in  the  altered  iolite.  For  the  dis- 
tinguishing characters  of  the  different  kinds  of  altered  iolite,  see  Finite,  Fahlunite, 
etc,  under  Hydrous  Silicates. 


Mica  Chrowp, 

The  minerals  of  the  Mica  group  are  alike  in  having  (1)  the  prismatic 
angle  120° ;  (2)  eminently  perfect  basal  cleavage,  affording  readily  very- 
thin,  tough  laminse ;  (3)  |x>ta8h  almost  invariaWy  among  the  protoxide 
bases  and  alumina  among  the  sesquioxide ;  (4)  the  crystalfization  approxi- 
mately either  hexagonal  or  orthorhombic,  and  therefore  the  optic  axis,  or 
optic-axial  plane,  at  right  angles  (or  nearly  so)  to  the  cleavage  surface. 

Sodium  is  sparingly  present  in  some  micas,  and  is  characteristic  of  the  hydrous  species 
paragonitc  (p.  382).  Lithium,  rubidium,  and  coesium  occur  in  lepidolite,  and  lithium  in  some 
biotite.  Fluorine  is  often  present,  probably  replacing  oxygen.  Titanium  is  found  sparingly 
in  several  kinds,  and  is  a  prominent  ingredient  of  one  species,  astro phyllite.  It  is  usmdly 
regarded  as  in  the  state  of  titanium  dioxide  repladng  sUioa :  but  it  is  here  made  basic. 
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DESCRIPTTVE  UINEKALOGT. 


FHLOaOPITE. 

Orthorliombit!.      7a/=120°,   and   habit  hexagonal.      Prisms   uBuallv 
obloiig  six-sided  prisms,  more  or  less  tapering,  witli  irregular 
363  sides ;   rarelv,  wlieik   small,  with   polished   lateral   planeri. 

Cleavage  basal,  highly  eminent.     Not  known  in  compact 
massive  forms. 

IL=2-5-3.  G.=2-78-2-85.  Lustre  pearly,  often  gub- 
metallic,  on  cleavage  surface.  Color  yellowish-brown  to 
brownish-reil,  with  often  something  <if  a  copper-like  reflec- 
tion; also  j)a]e  brown  ish-yellow,  green,  white,  tmlorlese. 
Tranepai-eiit  to  translucent  in  thin  fulia.  Thin  lamiiiie 
tough  and  elastic.  Optical-axial  divergence  3°— 20°,  rarely 
less  than  5°. 

Oomp, — The  bases  inclnde  ma^fneBiam  and  little  ot  no  iroD.  Q.  ratio 
R:  Si-.=  1  :  1,  Formnla  probably  (llninni.)  K,Mt[,A18i,0„  =  8ili(»  WTB, 
alamiua  13-93.  magnesia  33  57,  potash  13-77=m0. 

Pyr.,  etc. — la  the  ctoHcd  tube  gives  a  littJa  water.  Some  varieties 
^ve  the  reaction  for  finurine  in  the  open  tube,  while  rooHt  give  little  or 
no  reaction  fur  iron  with  the  tluxps.  B.  B.  whitens  and  fuseu  on  the  tbia 
edges.  Completely  decomposed  by  suiphuric  acid,  leaving  the  Hilica  in 
thin  Bcalcg. 
Obs. — PhlogfOpite  is  espeoially  ohamcteristia  of  iierpentine  and  crystalline  limestone  or 
dolomite. 

Occurs  in  limestone  in  the  Yosges.  Includes  probably  the  mica  found  in  Umestone  at  Alt- 
Eemnitz,  near  Hirscbberg  ;  t^at  of  Bnritti,  Brazil,  of  a  gold  en-yellow  color,  having  the  optical 
angle  5"  30'  and  parallel  to  the  shorter  diagonal  (Grailichi ;  and  ft  brown  mica  from  limestone 
of  Upper  llungary,  aCFording  Orsilicb  the  anfj-le  4  -H'. 

Occurs  in  New  Yoric,  at  Gouvemcur ;  at  Pope's  Mills.  St  Lawrence  Co.  ;  at  Edwards ; 
Warwick ;  Xatural  Bridge  ;  at  Sterling  Mine,  Morris  Co. ,  N.  J,  ;  Newton,  N.  J, ;  at  St  Ja- 
tome.  Canada ;  at  Burgess,  Canada  West. 

Ai<PiLHiL[TE  (v.  Kobell). — Approaches  in  oomposition  a  soda-phlogopite.  Green.  Foliated. 
Zillerthal,  Tyrol. 

MAHOANornTLLiTB.— Q,  rttUo  for  R  :  ft  ;  Si=3  ;  1  :  4  (nearly).  Foliated  like  the  micM. 
Color  bronze-red.  Analysis,  IgeUtrom,  SiOi  38-r,0,  AlOj  ITOO,  FeO  378,  MnO  31-40,  CaO 
3-20,  MgO  15-01,  K,0(Na,0)  0-51,  ign.  1-00=100.     Paisberg,  Sweden. 

BIOTim. 

Hexagonal  (?).    .ff  A  72  —  OS"  57'  (crystals  fi'.  Vesuvius,  Ilesseiiberg) ;  c  = 

4'91112G,     Habit  often  monocliuic.    Prisms  commonly  tabnlar.    Cleavage : 

basal  highly  eminent.     Often  in  disseminated 

scales,  Boinetinics  in  ma&sive  aggregations  of 

cleavable  scales. 

lI.=3-5-3.  G.=2-7-31.  Lustre  splendent, 
and  riKtre  or  less  pearly  on  a  cleavage  sni-face, 
and  wimetimes  submetallic  when  black ;  lateral 
siirfaties  vitreous  when  smooth  and  shining. 
Colore  usually  green  to  black,  often  deep  black 
in  thick  crystals,  and  sometimes  even  in  tliin 
lainiiue,  unless  the  laniin£e  arc  vcr^'  tliin ;  euch 
e  green,  blood-rcd,  or  brown  by  transmitted  light ;  rarely  white. 


thin  lamiii 
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Streak  uiicolored.  Transparent  to  opaque.  Optically  uniaxial.  Some- 
times biaxial  with  slight  axial  divergence,  from  exceptional  irregularities, 
but  the  angle  not  exceeding  5°  and  seldom  1°. 

Oomp.f  Var. — Biotite  is  a  magnesia-iron  mica,  part  of  the  aluminum  (Al)  being  replaced 
bj  iron  (Fe),  and  Fe  and  Me  existing  among  the  protoxide  bases.  Black  is  the  prevailing  color, 
but  brown  to  white  also  occur.  The  results  of  analyses  vary  much,  and  for  the  reason  already 
stated — ^the  non-determination,  in  most  cases,  of  the  degree  of  oxidation  of  the  iron ;  and 
the  exact  atomic  ratio  for  the  species  and  its  limits  of  variation  are  therefore  not  precisely 
understood.  The  Q.  ratio  of  bsises  to  silicon  is  generally  1:1,  that  is  the  formula  in  general 
E,Si04,  where  R=K.(Na,,Li.j)Fe,Mg(Ca),  or  Al,Fe(3R=R). 

Analyses :  1,  Bally ellin ;  2,  Vesuvius ;  3,  Portland,  Conn. : 

SiOa     AID.  FeO,     PeO    CaO  MgO    KaO  Na,0   LiaO    ign 

(1)  35-55   1708    23-70     oSO    3  68    9-45    0*35     4  30=99*61,  Haughton. 

(2)  40-91   17-79     3-00     7  03    0*30  19  04   9  96 =9803,  Chodnew. 

(3)  f  35-61   20-03     0-13    21-85    llOMnO    5*23    9-69    0-52     093    1  87,  F  0  76,  TiO,  1  46, 

CI  tr.  =99 -27,  Hawes. 

The  above  analyses  give  the  ratio  of  unisilicates,  when  the  water  is  neglected ;  in  others 
the  ratio  of  1  :  1  is  obtained  only  when  the  water  is  brought  into  account. 

Pyr.,  etc. — Same  as  phlogopite,  but  with  the  fluxes  it  g^ves  strong  reactions  for  iron. 

Obs. — A  common  constituent  of  many  volcanic  rocks.  Fine  specimens  obtained  at  Yesu-. 
vius;  L.  Baikal;  Zillerthal;  Pargas ;  Miask;  Sala.  Also  from  Greenwood  Furnace,  N.  Y.; 
Moriah,  N.  Y. ;  Easton,  Penn. ;  Topsham,  Me.,  etc. 

The  biotite  of  Vesuvius,  according  to  the  optical  examination  of  Hintze,  is  manocUnic. 
(See  also  Tschermak,  Min.  Mitth.,  1876, 187.) 


LEPIDOMBIiANI]. 

Hexagonal  (?).  In  small  six-sided  tables,  or  an  aggregate  of  minute  scales. 
Cleavage :  basal,  eminent,  as  in  other  micas. 

H.=3.  G.=3-0.  Lustre  adamantine,  inclining  to  vitreous,  pearly. 
Color  black,  witli  occasionally  a  leek-green  reflection.  Streak  grayish- 
green.  Opaque,  or  translucent  in  veiy  thin  laminae.  Somewhat  brittle,  or 
but  little  elastic.  Optically  uniaxial ;  or  biaxial  with  a  very  small  axial 
angle. 

Oomp, — An  iron-potash  mica.  Q.  ratio  for  bases  and  silicon  1:1;  for  R  :  R,  mostly  1  :  8, 
but  varying  to  1  to  more  than  3 ;  of  doubtful  limits,  on  account  of  the  doubts  as  to  the  state 
of  the  iron  in  most  of  the  analyses.  Differs  from  biotite  in  the  smaller  proportion  of  prot- 
oxides and  little  ^  and  Mg,  but  appears  to  agree  with  it  in  optical  characters. 

Pyr.,  etc. — B.B.  at  a  red  heat  becomes  brown  and  fuses  to  a  black  magnetic  globule. 
Easily  decomposed  by  hydrochloric  acid,  depositing  silica  in  scales.  Analysis,  Cooke,  Rock- 
port,  Mass.,  SiOi  39-91,  :A:10,  1673,  FeO,  12  07,  PeO  17  48,  MnO  0-54,  MgO  0'63,  KaO  10*66, 
NaaO(Li,0)  0-59,  HaO  150,  F0'45=100.'» 

Obs. — Occurs  at  Persberg  in  Wermland,  Sweden  ;  at  Abborforss  in  Finland ;  in  Ireland,  in 
Donegal  and  Leinster  Cos. ;  at  BallycUin,  etc.     From  Cape  Ann,  Mass.  (Annite). 

ASTROPHYLLITE. — Usually  in  tabular  prisms.  Color  bronze-yellow.  Analysis,  Pisani,  SiOa 
33-23,  TiOj  7-66.  AlO,  4-32,  FeO,  4-05,  FeO  25  48,  MnO  10  70,  MgO  137,  CaO  122,  NaaO 
2-71,  K,0  0  29,  HaO  201  =99-03.     Brev-ig,  Norway  ;  El  Paso  County,  Colorado. 

BKUSOOVrrJB.    Kallg^mmer,  Germ. 

Monoclinic  (Tschermak).  /A/=120^  Cleavage:  basal  eminent; 
occasionally  also  separating  in  fibres  parallel  to  a  diagonal.  Twins  :  often 
observable  by  intenial  markings,  or  by  polarized  light ;  composition  parallel 
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to  /consisting  of  six  individuals  thus  united  ;  sometimes  a  union  of  I  to 
i-l.  Folia  often  aggregated  in  stellate,  plumose,  or  globular  forms ;  or  in 
scales,  and  scaly  massive. 


564 


Huwk^UraL 


BinnenthaL 


H. =2-2-5.  6.=2'75-3-l.  Lustre  more  or  less  pearly.  Color  white, 
gray,  brown,  hair-brown,  pale  green,  and  violet,  yellow,  dark  olive-green, 
rarely  rose-red ;  often  different  for  transmitted  and  reflected  light,  and  dif- 
ferent also  in  vertical  and  transverse  directions.  Streak  uncolored.  Trans- 
parent to  translucent.  Thin  laminib  flexible  and  elastic,  very  tough.  Double 
refraction  strong ;  optic-axial  angle  44^-7^"^ ;  the  axial  plane  makes  an  angle 
of  ^>i^  20'  (Tschermak)  with  the  base. 

Oomp. — The  qaantivalent  ratio  for  bases  and  silicon  is  generally  4  :  5  (1  :  H),  rarely  3  :  4, 

etc.     Water  is  generaUy  present,  sometimes  as  mnch  as  5  p.  c. ;  and  the  kinds  containing 

^  from  3  to  5  p.  o.  water  have  been  referred  to  the  species  margarvdite  (p.  331).     If  the 

water  is  regarded  aa  chemically  combined,  that  \a^  as  basic,  the  Q.  ratio  for  R  :  ft  :  Si  is  then 

T=l  :  3  :  4  (R  :  Si=l  :  1),  also  1  :  6  :  8,  1  :  2  :  4,  1  :  3  :  5,  etc.  R  here  is  potassium  (K) 
mostly,  but  also  hydro^n  (H).  H— aluminnm  mostly,  also  ii;on.  Fluorine  is  often  present, 
but  at  most  not  more  than  about  1  p.  c.  Analysis.  Smith  and  Brush.  Monroe,  Ct.,  SiOj  46*50, 
AlO,  33-91.  FeO,  2-<>9,  BIgO  OiK)  Na,0  2-7().  K.O  7^2,  H.O  4-«:i,  F  0-82,  CI  0-31=99-78. 

Pyr^  etc — In  the  clcsed  tul)o  givos  water,  which  with  brazil-wood  often  reacts  for  fluorine. 
B.B.  whitens  and  fuses  on  the  thin  edges  (F.  =5*7,  v.  Kobell)  to  a  gray  or  yeJlow  glass.  With 
fluxes  gives  reactions  for  iron  and  sometimes  manganese,  rarely  chromium.  Not  decomposed 
by  acids.     Decomposed  on  fusion  with  alkaline  carbonates. 

Obs. — Muscovite  is  the  most  ccimmon  of  the  micas.  It  is  one  of  the  constituents  of  granite, 
gneiss,  mica  schu«t,  and  other  related  rocks,  and  is  occasionally  met  with  in  granuUur  lime- 
stone, trachyte,  basalt,  iava ;  and  occurs  also  disseminateil  sparingly  in  many  frogmental 
rocks.  Coarse  lamellar  aggregations  often  form  the  matrix  of  topa/.,  tourmaline,  and  other 
mineral  species  in  granitic  veins. 

Siberia  affords  laminae  of  mica  sometimes  exceeding  a  yard  in  diameter ;  and  other  remark- 
able foreign  localities  are  Finbo  in  Sweden,  and  Skutterud  in  Norway.  Fuch»ite  or  ehramium 
mica  occurs  at  Greiner  in  the  Zillerthal,  at  Passeyr  in  the  Tyrol,  and  on  the  Dorfner  Alp,  aa 
well  as  at  Schwarzenstein. 

In  N.  Hamp.,  at  Acworth,  Grafton,  etc.,  in  granite,  the  plates  at  times  a  yaid  across  and 
perfectly  transparent.  In  Maine,  at  Paris ;  at  Buckfield.  In  Mom.^  at  Chesterfield  ;  at  Goshen. 
In  Conn.,  in  Portland;  near  Middletovm.  In  N.  York^  near  Warwick;  Edeuville ;  in  the 
town  of  Edwards.  In  Pcnn.^  at  Pennsbury ;  at  Unionville  ;  Delaware  Co.,  at  Middletown. 
In  Maryland,  at  Jones's  Falls.     In  western  North  Carolina,  where  it  is  mined. 


LZSPIDOIiITB.    Lithia  Mica.     Lithionglimmer,  Germ. 

Orthorhombic.     Ia  I  z=z  120°.     Forms  like  those  of  muscovite.     Cleav- 
age: basal,  highly  eminent.     Also  massive  sealy-granular,  coai'j^e  or  fine. 
H.= 2-5-4.    G.= 2*84-3.    Lustre  pearly.    Color  rose-red,  violet-gray,  or 
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lilac,  yellowish,  gravish  white,  white.  Translucent.  Optic-axial  angle 
70°-78° ;  sometimes  45°-G0°. 

I 

Comp. — Q.  ratio  for  bases  and  silicon  mostly  1  :  li  ;  and  for  R  :  B  :  Si=l  :  8  :  6,  or  1  :  4 

:  8 ;  the  formula  in  the  latter  case  is  PRA^liSii^Oss.  E  includes  potassium,  also  lithium, 
rubidium,  and  caesium ;  and.  in  the  Ziun Avoid  mica,  thallium  has  been  detected.  Fluorine  is 
present,  and  the  ratio  to  oxygen  mostly  1  :  12.  Analysis,  Renter,  from  Rozena,  SiO^  50*43, 
AlO,  28  07,  MnO,  0*88,  MgO  142,  K,0  10-59,  NasO  146,  Li.O  1*23,  P  486=98 -94. 

P3rr.,  etc. — In  the  closed  tube  g^ves  water  and  reaction  for  fluorine.  B.B.  fuses  with  in- 
tumescence at  2-2*5  to  a  white  or  grayish  glass,  sometimes  magnetic,  coloring  the  flame 
purplish-red  at  the  moment  of  fusion  (lithia).  With  the  fluxes  some  varieties  give  reactions 
for  iron  and  manganese.  Attacked  but  not  completely  decomposed  by  acids.  After  fusion, 
gelatinizes  with  hydrochloric  acid.  ^ 

Obs. — Occurs  in  granite  and  gneiss,  especially  in  granitic  veins,  and  is  associated  some- 
times with  cassiterite,  red,  green,  or  black  tourmaline,  amblygonite,  etc.  Found  near  Uto 
in  Sweden  ;  at  Zinnwald  in  Bohemia :  Penig,  etc.  in  Saxony ;  in  the  Ural ;  at  Rozena  in 
Moravia  ;  on  Elba ;  at  St.  Michael's  Mount  in  Cornwall.  In  the  United  states,  at  Paris  and 
Hebron,  Me. ;  near  Middletown,  Conn. 

Named  lepidolite  from  /^;r/V,  acaU,  after  the  earlier  German  name  SehuppensUin^  aUuding 
to  the  scaly  structure  of  the  massive  variety  of  Rozena. 

Cryophyllite  (Cooke).— Q.  ratio  R  :  ft  :  Si=3  :  4  :  14,  with  R=Ffl,Es,Li9(Na,Rb,G8,)t 
and  ft= AL  Orthorhombio.  In  scales  like  the  micas.  Ck>lor  by  transmitted  lije^ht  emerald- 
green.     Gape  Ann,  Mass. 


Scapolite   Group, 

In  the  speciee  of  the  Scapolite  group,  the  qnantivalent  ratio  varies  from 
1:1:2,  1  :  2  :  3,  1 :  3  :  4,  to  1  :  2  :  4  and  1:2  :  Ci,  but  the  species  are 
closely  alike  in  the  square-prismatic  forms  of  their  crystals,  in  the  small 
number  and  the  kinds  of  occurring  planes,  and  in  their  angles.  The  species 
are  white,  or  grayish-white,  in  color,  except  when  impure,  and  then  rarely 
of  dark  color ;  the  hardness  5-6*5.  G.=2'5-2-8.  The  alkali-metal  present, 
when  any,  is  sodium,  with  only  traces  of  potassium.  An  increase  in  tho 
amount  of  alkali  is  accompanied  by  an  increase  in  the  silica. 


MZnONITB. 


Tetragonal :   O  A  1-i  =  156°  18' ;  c  —  0-439.     Sometimes  hemihedral  in 
the  planes  3-3,  the  alternate  being  wanting.     Cleavage  :  i-i 
and  /  rather  perfect,  but  often  interrupted. 

H.= 5-5-6.  6.=2'6-2'74.  Lustre  vitreous.  Colorless 
to  white.  Transparent  to  translucent ;  often  much  cracked 
within. 


Oomp.— Q.  ratio  for  R  :  B  :  Si=l  :  2  :  3  ;  formula  RgR^SiBOae.  If  R= 
Ga  :  Nas  =  10  :  1,  and  R=A1:  thiti  is  equivalent  to  Silica  41*6,  alumina 
81*7,  lime  24  1,  soda  2*6=100.  Neminar  has  found  that  meionite  loses 
1  p.  c.  water  at  a  very  high  temperature,  so  that  R  must  be  also  replaced 
by  H« ;  his  analysis  gives  approximately  the  ratio  1:2:3. 

Pyr.,  etc. — B.B.  fuses  wi^  intumescence  at  8  to  a  white  blebby  glass. 
Decomposed  by  acid  without  gelatinising  (v.  Rath). 

Obs. — Occurs  in  amall  oiystoli  in  geodes,  usuidly  in  limestone  bloaks,  on  Monte  Somma, 
near  Naplc 


DKBOKIPTTVE  MINEKALOOT. 


Tetragonal : 


WBUNBR^E.  ScapoliM. 
OM-i=  156°  14^ ;  i  =  0-439S.  Often  bemihedral  in 
planee  3-3  and  i-2  (p.  30).  Cleavage:  i-i  and  /rather 
distinct,  l)iit  interniptud.  Also  inaesive,  granular,  or 
witli  a  faint  tibniii^  apjieiirance  ;  sonietinies  coluuiiiar. 
11. =5-6,  (i.=;J'63-2-8.  Lustre  viti-eouB  to  pearly 
externally,  inclining  to  resinoim;  clenvage  and  un«6- 
fractiire  surface  vitreous.     Color  white,  gray,  blnish, 

frecnish,  and  reddiuh,  usually  light.    Streak  nncolui-ed. 
ransparent — faintly  siibti-ansuicent.      Fracture  aub- 
conctioidal.     Brittle. 

Oomp.— Q.  ratio  for  R  :  R  :  8i=l  :3:4  (B+R  :  Bi=l  :  1); 
formula  BR8i,0,=Ca(Na,)AlSi,0„.  ADoljiiia.  t.  B&th.  Pargaa,  SiO,  4S  4U.  MO,  30  0(1,  CoO 
17-23,  Na,0  8-39,  K,0  1-31,  H,0  l:ifi  =  06-5:!.     Some  varietiea  varj-  widelyfrom  the  ftbors 

Pyr.,  etc — B.B.  fuses  easilj  with  intumescence  to  a  white  blebb;  glusa.  Imperfectly  de- 
oomposed  by  hydrochloric  acid. 

^ff^Recf^niied  b;  Ite  square  form  ;  resembles  feldspar  whpn  maswve,  but  haa.a  chuwi- 
terigtic  Sbrons  appearance  on  the  clravoge  surface  ;  it  is  also  more  fnnibte,  and  has  a  higher 
specific  gravity. 

Obs.— Occurs  in  metamorphio  rocks  ;  sometimes  ia  beds  ol  magnetite  acoompanyiDg  lime- 
stone. Some  localitiea  are :  Arendnl,  Norway;  Wcriulnud ;  ParKOH.  Finland :  L.  Baikal,  eta 
Id  the  following  those  of  tha  wemcrite  and  ekebergite  are  not  yet  distinguished.  In  Mom., 
at  Bolton;  Weatfleld.  In  Cona.,  at  Monroe.  In  N.  York,  in  Warwick;  in  Orange  and 
Bnex  Co.,  eto.  lu  N.  Jererj/,  at  Franklin  and  Newton.  In  Caiuidii,  at  G.  Calumet  Id. ; 
at  HiiDtersUiwn ;  GrenviUe. 

The  following-  are  other  members  of  the  scapolite  group  : 

Sarcolite.— Q.  ratio  for  R  :  R  :  Si  =  l  :  I  :  2.  In  minnte  flesh-red  crystals  at  Ht. 
Bommai 

Pabanthite.— Q.  ratio=I  ;  3  :  4.  Ekebkroitg.  Q.  ratio=l  ;  2  :  41.  containing  C-8  p. 
o.  aoda.  MizzoNiTB.  Q.  ratio=  1:2:51-,  coutaiuing  10  p.  c.  soda.  In  cryatals  at  Mt  Somma, 
DiFiRE.  Q.  Tatio=l  :  3  :  0,  aod  for  Ca  :  Nai  =  t  :  1.  Uarialite.  Q.  ratio=l  :  3  :  G,  and 
for  Ca  :  Na,=l  :  3. 


Nephelite    Oroup. 
HSPHEUTB,    Nepheline. 

Hexagonal.  Oa1  =  135°55';  c  =  0-839.  Usual  forms  six-sided  and 
twelve-sided  prisms  with  plane  or  nuHjitied  sum- 
mits. Fig.  569,  summit  planes  of  a  crystal.  Cleav- 
age; /distinct,  O  inijwrfect.  Also  massive,  com- 
pact; also  thin  coin uniar. 

II.=5-5-6.  G.='2.5-2-65.  Lustre  vitreous — 
ireasy ;  alittle  opalescent  in  some  varieties.  Color- 
I,  white,  or  yellowish  ;  alsn  when  massive,  dark- 
green,  gi-eenish  or  blnish-gray,  bi-ownish  and  brick- 
red.  Transparent — opa<iue.  Fracture  suhcon- 
ehoidal.     Double  refraction  feeble ;  axis  negative, 

V«r. — 1.   GUit»y,  or  Simimite.     Usually  in  small  oiystals  or 
Vesuvius.  grains,  with  vitreous  lustre,  first  found  on  Mt.  Somma,  in  the 

region  of   Tesnvius,      Iktegiu  and  eac<ilinita    belong    buix 
9.  SlaoliU.    In  lajge  ooane  aiystals,  or  massive,  with  a  giea^-lnatte. 
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Oomp. — Somewhat  nncertain,  as  all  analyses  give  a  little  excess  of  silica  beyond  what  is 
required  for  a  unisilicate.     Assuming  that  nephelite  is  a  true  unisilicate,  the  Q.  ratio  for 

E  :  R  :  Si=:l  :  8  :  4,  and  the  formula  is  (Na,K)aAlSiaOH  (Ramm.);  some  of  the  Naa  being 
replaced  by  Ca.  Analysis,  Scheerer,  Vesuvius,  SiO^  4403,  AlO,  83*28,  FeO,  (MnO,)  0-«5, 
CaO  1-77,  NaaO  1544,  KaO  4*94,  HaO  0-2l=:I00-82.  The  variety  EUxUite  has  the  same 
composition. 

Pyr.,  etc. — B.  B.  fuses  quietly  at  8  '5  to  a  colorless  glass.     Gelatinizes  with  acids. 

Diff. — Distinguished  by  its  gelatinizing  with  acids  from  scapolite  and  feldspar,  as  also  from 
apatite,  from  which  it  differs  too  in  its  greater  hardness.  Massive  varieties  have  a  character- 
istic greasy  lustre. 

OIm. — Nephelite  occurs  both  in  ancient  and  modem  volcanic  rocks,  and  also  metamorphic 
rocks  allied  to  granite  and  gneiss,  the  former  mostly  in  glassy  crystals  or  grains  immmite)^  the 
latter  massive  or  in  stout  crystals  {dffMUe).  Nephelite  occurs  in  crystals  in  the  older  lavas  of 
Somma ;  at  Capo  di  Bove,  near  Rome ;  in  doleryte  of  Katzenbuckel,  near  Heidelljerg,  etc. 
Elseolite  is  found  in  Norway  ;  in  the  Umen  Mts.  ;  Urals ;  at  Litchfield,  Me. ;  in  the  Ozark 
Mts. ,  Arkansas. 

Named  nep/ieUne  by  Haiiy  (1801),  from  i'f6f>v,  a  chud^  in  allusion  to  its  becoming  cloudy  when 
immersed  in  strong  acid ;  eUfvlUe  (by  Klaproth),  from  l^nmv^  oil^  in  allusion  to  its  greasy  lustre. 

GiESECKiTB  is  &own  by  Blum  to  be  a  pseudomorph  after  this  species  (see  p.  380). 

Cancrinite. — Hexagonal,  and  in  six-  and  twelve-sided  prisms,  sometimes  with  basal  edges 
replaced;  also  thin  columnar  and  massive.  H.  =5-0.  G.  =2'42-2'5.  Color  white,  gray, 
yellow,  green,  blue,  reddish ;  streak  uncolored.  Lustre  subvitreous,  or  a  little  pearly  or 
greasy.     Transparent  to  translucent. 

CoMP.  — Same  as  for  nephelite.  with  some  RCOs  and  water.  Analysis,  Whitney,  Litchfield, 
Me.,  SiOa  37-42,  AlO,  27-70,  CaO  3  91,  Na,0  20-98,  KjO  0-07,  CO,  5-95.  H^O  282,  IfeO, 
(MnOs)  0-86=100-31. 

Pyr.,  etc. — In  the  closed  tube  gives  water.  B.B.  loses  color,  and  fuses  (F.=2)  with  intu- 
mescence to  a  white  blebby  glass,  the  very  easy  fusibility  distinguishing  it  readily  from 
nephelite.    Effervesces  with  hydrochloric  acid,  and  forms  a  jelly  on  heating,  but  not  before. 

Obs. — Found  at  Miask  in  the  Urals;  at  Barkevig,  Norway;  at  Ditro  in  Transylvania 
{ditrvyte) ;  at  Litchfield,  Me. 


SODAUTB. 

Isometric.  In  dodecahedrons.  Cleavage :  dodecaliedral,  more  dr  less 
distinct.     Twins :  see  f .  272,  p.  93.     Also  massive. 

II. =5*5-6.  G.=2*136-2'401.  Lustre  vitreous,  sometimes  inclining  to 
greasy.  Color  gray,  greenish,  yellowish,  white  ;  sometimes  bhie,  laveuder- 
hlue,  light  red.  Subtransparent — translucent  Streak  uncolored.  Frac- 
ture conchoidal — uneven. 

Oomp.— 3Na,AlSi,Oe-l-2NaCl=Silica  371,  alumina  31 '71,  soda  25 -55,  chlorine  7-31=101 -65. 
Some  varieties  contain  considerably  less  chlorine. 

Pyr.,  etc. — In  the  closed  tube  the  blue  varieties  become  white  and  opaque.  B.B.  fuses 
with  intumescence,  at  3*5-4,  to  a  colorless  glass.  Decomposed  by  hydrochloric  acid,  with 
separation  of  gelatinous  silica. 

Obs. — Occurs  in  mica  slate,  granite,  syenite,  trap,  basalt,  and  volcanic  rocks,  and  is  often 
associated  with  nephelite  (or  elseolite)  and  eudlalyte.  Found  in  West  Greenland ;  on  Monte 
Somma;  in  Sicily;  at  Miask,  in  the  Ural;  near  Brevig,  Norway.  A  blue  variety  occurs 
at  Litchfield,  Me.,  and  at  Salem,  Mass. 

MiCKosoMMiTE. — OocuTB  In  very  minute  hexagonal  crystals  in  masses  of  leucitic  lava 
ejected  from  Mt.  Somma.  Gompoeition  :  a  unisilicate  of  potassium,  calcium,  and  aluminum, 
wi^  small  quantities  of  sodiom  ohloxide  and  calcium  sulphate. 
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haU  y  NiTii. 

Isometric.  In  dodecahedrons,  octahedrons,  etc.  Cleavage :  dodecahe- 
dral  distinct.  Commonly  in  rounded  grains  often  looking  like  crystals 
with  a  fused  surfatte. 

H.=6'6--6.  6.=2'4-2*5.  Lustre  vitreous,  to  somewhat  gi'easy.  Color 
bright  blue,  sky-blue,  greenish-blue ;  asparagus-green.  Streak  slightly 
bluish  to  colorless.  Sub  transparent  to  translucent.  Fi-acture  flat  conchoi- 
dal  to  uneven. 

Oomp. — 2Naa(0a)AlSiaO«+CaSO4 ;  if  in  the  silicate  Na^  is  replaced  by  Ca,  the  atomio 
ratio  here  being  5:1,  this  gives  Silica  8413,  alumina  2918,  lime  1002,  soda  14-69,  sulphur 
trioxide^lOO.    A  little  potassium  is  also  often  present. 

Pyr.,  etc. — In  the  closed  tube  retains  its  color.  B.  B.  in  the  forceps  fuses  at  4*5  to  a  white 
glass.  Fused  with  soda  on  charcoal  atfords  a  sulphide,  which  blackens  silver.  Decomposed 
by  hydrochloric  acid  with  separation  of  gelatinous  silica. 

Obi. — Occurs  in  the  Vesuvian  lavas,  on  Somma ;  in  the  lavas  of  the  Campagna,  Rome ;  in 
basalt  at  Niedermendig  and  Mayen,  L.  Laach,  etc. 

NosiTE  (Nosean). — A  #t>rfa-haUynite ;  2Nas AlSiaOj.  4- Na^SOi,  with  also  a  little  calciojn. 
Isometric ;  often  granular  massive.  Common  as  a  microscopic  ingredient  of  most  phonolytes. 
Lake  Laach,  etc. 

Lapih-lazuli  (Lasurstein,  Oerm.). — Not  a  homogeneous  mineral  according  to  Fischer  and 
Vogelsang.  The  latter  calls  it  ^'  a  mixture  of  granular  calcite,  ekebergite,  and  an  isometrio, 
ultramarine  mineral,  generally  blue  or  violet."     Much  used  as  an  ornamental  stone. 


LZrCTOITX]. 

Tetragonal,  according   to   v.  Rath,     c  =  0*52637.     Usual   form   as   in 

f.  570,  closely  resembling  a  trapezohedron.     Twins  : 
670  twinning-plane  2-i  ;  crystals  often  very  complex,  con- 

sisting of  twinned  lamellae,  as  indicated  by  the  stria- 
tions  on  the  planes.  Often  disseminated  in  grains ; 
rarely  massive  granular. 

TL=5-5-6.  G.=2-44-2-56.  Lustre  vitreous.  Color 
white,  asii-gray  or  smoke-gray.  Streak  uncolored. 
Translucent — opaque.  Fracture  conchoidal.  Brittle. 
Optically  uniaxial ;  double  refraction  weak,  negative 
(from  Acpiacetosa),  positive  (from  Frascati). 

Oomp. — Formula  K.jAlSi40i2=Silica  55*0,  alumina  23 "5,  potash 
21-58=100.     Q.  ratio  f or  K  :  Al  :  Si  =  l  :  :3  :  8,  for  bases  to  silicon  1:2. 

Pyr.,  etc B.B.  infusible ;  with  cobalt  solution  gives  a  blue  color  (alumina).     Decomposed 

by  hydrochloric  acid  without  gelatinization. 

Diff. — Distinguished  from  analcite  by  its  infufiibility  and  greater  hardness. 

Obs. — Leucite  is  confined  to  volcanic  rocks,  and  is  common  in  those  of  certain  parts  of 
Europe  ;  also  found  in  those  of  the  western  United  States.  At  Vesuvius  and  some  other 
parts  of  Italy  it  is  thickly  disseminated  through  the  lava  in  grains.  It  is  a  constituent  in  the 
nephelin-doleryte  of  Merches  in  the  Vogelsberg  ;  abundant  in  trachyte  between  Lake  Laach 
and  Andemacb,  on  the  Rhine. 

The  question  as  to  whether  the  crystals  of  leucite  belong  to  the  isometric  or  the  tetragonal 
system  has  excited  much  discussion.  Hirschwald  (Tsch.  Min  Mitth.,  1875,  227)  shows  that 
while  implanted  crystals  are  sometimes  distinctly  tetragonal^  others,  especially  those  which 
are  imbedded,  are  as  clearly  isometric^  while  between  the  two  there  exist  many  transition 
cases.  He  claims  that  the  mineral  is  in  fact  isometric,  but  having  a  i>olysym metric  devolop- 
ment,  there  existing  a  wide  variation  from  the  isometric  type.  The  question  cannot  be  oon- 
sidered  as  entirely  decided. 
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Feldspar  Group. 

The  feldspars  are  characterized  by  specific  gi-avity  below  2*85  ;  hardDess 
6  to  7  ;  fusibility  3  to  6  ;  oblique  or  elinoliedral  crystallization  ;  prismatic 
angle  near  120°  ;  two  easy  (jleavages,  one  basal,  the  other  brachydiagonal, 
inclined  together  either  90°,  or  very  near  90°  ;  cleavage  a  prominent  fea- 
ture of  many  massive  kinds,  and  distinct  in  the  grains  of  granular  varieties, 
giving  them  angular  forms ;  close  isomorphism,  and  a  general  resemblance 
in  the  systems  of  occurnng  crystalline  forms;  transition  from  granular 
varieties  to  compact,  honistone-like  kinds,  called  felsites,  which  sometimes 
occur  as  rocks ;  often  opalescent,  or  having  a  play  of  coloi*s  as  seen  in  a 
direction  a  little  oblique  to  i-l ;  often  aventurine,  from  the  dissemination 
of  microscopic  crystals  of  foreign  substances  parallel  for  the  most  part  to 
the  planes  O  and  /. 

The  bases  in  the  protoxide  state  are  calcium,  sodium,  potassium,  and  in 
one  species  barium ;  the  sesquioxide  base  is  only  aluminum ;  tlie  quantivalent 
ratio  of  R  :  K  is  constant,  1:3;  while  that  of  the  silicon  and  bases  varies 
from  1  :  1  to  3  :  1,  the  amount  of  silicon  increasing  with  the  increase  of  the 
alkali  metals,  and  becoming  greatest  when  alkalies  are  the  only  protoxides. 

The  included  species  are  as  follows : 

Ciystallization.    Approx.  Q.  ratio  R,ft,SL 


Anorthitb 

Lime  feldspar 

Triclinic 

1:3; 

:4 

LABRADORtrS 

Lime-soda  feldspar 

i» 

1:3: 

6 

Hyalophanb 

Baryta-potash  feldspar 

Monoclinic 

1:3; 

:8 

Andbsitb 

Soda-lime  feldspar 

Triclinic 

1  :3; 

:8 

Oliooclasb 

t(      t(        ii 

4k 

1:3; 

:9 

Albitb 

Soda  feldspar 

(i 

1:3; 

:  12 

Obthoclarb 

Potash  feldspar 

Monoclinic 

1:3; 

:12/ 

To  the  above  list  should  be  added,  according  to  DesGloixeanx,  the  trieUnic^  potash  feldspar, 
MICROCLINB,  which  has  the  composition  of  orthoclase. 

The  above  ratios  are  only  approximate,  for  the  analyses  show  a  wide  variation  in  the 
amount  of  silicon,  and  an  exactly  proportionate  variation  in  the  amount  of  alkali ;  the  two 
elements  vary  in  most  cases,  as  has  been  long  recognized,  according  to  a  simple  law.  There 
seems  hence  to  be  a  gradual  transition  between  the  successive  species  ;  but  this  is  due,  in  part, 
to  mixtures  produced  by  contemporaneous  crystallization  (compare  pert/iUe^  p.  000,  and  the 
description  of  nUeroeUne,  p.  000). 

The  unisilicate  ratio  of  1  :  1  for  bases  and  silicon  is  found  in  anorthite  only,  as  shown  above. 
With  Ca  alone,  as  in  this  species,  the  Q.  ratio  for  A^l  and  Si  is  3  :  4 ;  with  Na^  alone,  3  :  12; 
and  for  kinds  containing  combinations  of  the  two,  exact  combinations  of  these  ratios,  mNas : 

n         •    •       xu         ^    o      4ll»-h  12/t 

nCa,  giving  the  ratio  o  : • 

An  explanation  of  the  above  fact,  and  of  the  variation  in  ratio  shown  by  analyses,  was  offered 
by  Hunt,  and  has  since  been  developed  by  Tschermak.  The  existence  of  two  distinct  triclinic 
feldspars  is  assumed:  anorthite  CarVlSiaOa,  and  albite  Na^AlSiiiOio,  and  the  other  species 
(sometimes  embraced  under  the  general  term  flag loCL abb)  are  regarded  as  due  to  tuoiiwr- 
pfvoua  mixtures  of  these  two  members  in  different  proportions.     They  have  then  the  general 

formula  ]  ![(Na«AlSi  O*  {'    ^®r labradorite  the  ratio  of  m  :  n  is  mostly  3  :  2,  also  3:1,  etc.; 

for  andesite  the  ratio  of  m  :  n  varies  about  1  :  2,  and  for  oligoclase  the  ratio  of  m  :  7i  is  3  :  10, 
also  1  :  3,  cte.  In  accordance  with  the  above  formula,  if  Ca  :  Na=0  :  1«  then  Al  :  Si= 
1  :  2-308 ;  for  Ca  :  Na=3  :  1,  rVl  :  Si=l  :  l-2o7 ;  for  Ca  :  Na=l  :  1,  Al  :  Si=l  :  333  ;  for 
Ca  :  Na=l  :  3,  Al  :  Si=l  :  4  4 ;  for  Ca  :  Na=i  :  6,  Al  :  Si=l  :  5. 

This  method  of  viewing  the  feldspar  species  has  the  advantage  of  explaining  the  wide  varia- 
tion in  their  composition,  and  is  generally  accepted  among  German  mineralogists.  DcsCloi- 
zeaux  regards  his  observations  upon  the  optical  characters  of  the  feldspars  (see  p.  298)  as 
showing  that  they  are  in  fact  distinct  species,  and  not  indeterminate  isomorphous  mixturea. 


298 


DESCRIPTIVE   MINERALOGY. 


Optical  properties  of  the  trielinic  feldspars. — The  following  table  contains  the  more  import- 
ant optical  properties  of  the  feldspar  species  as  determined  by  DesGluizeaux  (C.  B.,  Feb.  8, 
1875,  and  April  17,  1876).     Bx=Bisectrix. 


Acate  bisectrix. 


Angle  made  by  the-f-  Bx. 

with  a  normal  to  »'-{  (g) 
Same,  with  normal  to 

0(p)..... 

Angle  made  by  the  line 

in  which  the  plane  ofj 

the  optic-axes  cutst-i, 

with  edge  i-l'Oig'/p). 
Same,  with  edge  i-i  I 

iff'  fn) 

Ordinary  dispersion 

Parallel  or  perpendicular 

to  plane  of  polariza 

tion. 

Optio-axial  angle  (in  air) 

for  red  rays. 

for  blue  rays. . . . 


Ahorthiti:. 

always  — 
Position  of 
the  Bx.  has 
no  simple 
relation  to 
the  planes 
observed 
on  the  crys 
taU. 


37''25'-36  25 

p  <  t(— Bx.)  ip  >  tJ(-l-Bx.) 


Labbadobitk. 
always  -h 


30"  40' 
56' 


27°-28^ 


OUQOCUMM. 

'generally 
'sometimes  - 


18°  10' 

68° 

Line  parallel 
to  the  edge 

0\i-i. 


a 


a 


Inmned. 


84''58' 
85^  59' 

(Somma) 


Crossed;  also 
slight  in- 
clined. 


88°  15' 

87^  48' 

(Labrador) 


p  <  r(-f  Bx.) 

Crossed;  also 

slight  iw- 

dined. 


89^35' 

88^31' 

(Sonstone, 

Tvedestrand) 


Albztk. 
always  -j- 

15° 

78°  35' 


20^ 


96°  28'  (front) 

p  <  r(-+-Bx.)  p  <  ©(H-Bx.) 


Inclined ; 


HXCBOCLZIIX. 

always  — 
15°  26' 


5**  6' 


Umizontal 


probably  also  (— Bx.)    alBO 


slight  hori- 
zontal 

80°  39' 

81°  59' 

(Roc  toiim4) 


inclined 
(+Bx.) 

87'>  54' 

Amazonst^ne, 
Mursmsk. 


The  axial  divergence  is  quite  constant  for  albite,  labradorite,  and  anorthite,  but  varies  for 
oligoclase  even  in  different  sections  taken  from  the  same  specimen.  Andesine  (q.  v.)  is 
regarded  by  DesCloizeaux  as  an  altered  oligoclase. 

DesCloizeaux  gives  the  following  method  of  distingmshing  between  the  feldspars  by  optical 
means :  It  is  necessary  to  obtain  a  transparent  plate  parsdlel  to  the  easiest  cleavage  ( O). 
Such  sections  obtained  from  ciyst;Js  or  lamellar  masses  of  albite,  oligoclase,  labradorite,  and 
the  majority  of  those  of  microchne,  show  hemitropic  bauds,  more  or  less  close  together, 
arranged  along  the  plane  parallel  to  the  second  cleavage  [i-i) ;  for  orthoclase  and  mioroline 
in  simple  crystals^  two  sections  placed  in  opposite  positions  serve  to  produce  the  same  effect. 
These  sections  are  thus  brought  between  the  crossed  Nicols  of  a  polarization-microscope. 

(1)  For  ort/ioclase  the  maximum  extinction  takes  place  when  the  two  sections  are  parallel 
to  their  plane  of  contact ;  the  edge  0/  i-i  being  iu  the  plane  of  polarization  of  the  micro- 
:icope. 

(2)  For  microcHne,  the  whole  structure  consists  of  a  multitude  of  very  fine  parallel  bands ; 
the  section  may  show  microcline  alone,  either  hemitropic  or  not  hemitropic,  or  microcline  and 
orthoclase  ;  the  extinction  can  take  place  at  30^  54'  between  the  adjoining  bands  of  the  same 
plate  of  the  made  (microcline  alone),  at  30°  54'  between  the  two  plates  of  the  made  (micro- 
cline in  bands),  or  at  15^  27'  between  the  adjoining  bands  (microcline  and  orthoclase).  In  the 
last  case  the  whole  of  two  lamellse  of  the  made  show  at  the  same  time  an  extinction  oblique 
to  the  plane  of  composition,  belonging  to  the  microcline,  and  one  parallel  to  this  plane  for  the 
orthoclase. 

(3)  For  albite^  the  extinction  between  two  bands  takes  place  at  an  angle  of  6°  32'. 

(4)  For  oligodase^  the  extinction  is  simultaneous  in  the  two  bands,  and  when  the  plane  of 
composition  coincides  with  the  plane  of  polarization  of  the  polariscope,  it  shows  that  the 
structure  is  homogeneous. 

(5)  For  labradorite,  the  extinction  takes  place  at  10°  24'  between  the  alternate  lines  of  the 
hemitropic  lamellsB. 

It  follows  from  this  that  a  plane  normal  to  the  plane  of  the  axes  cuts  the  base  along  a  line 
making  with  the  edge  O/t-l  the  following  angles : 

0°  in  orthoclase, 
16°  27'  in  microcline, 
3°  10'  in  albite, 
5°  12'  in  labradorite. 

A  variation  of  one  or  two  degrees  from  the  above  mean  angles  was  observed  in  some 
specimens. 
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"DHL — The  feldspars  are  distinguished  from  other  species  by  the  characters  ahready  seated, 
prominent  among  which  are  :  cleavage  in  two  directions,  nearly  or  qnite  at  right  angles  to 
each  other  ;  also  hardness,  etc. 

The  triclinio  feldspars  can  in  most  cases  be  distinguished  from  orthoclase  by  the  fine  stria- 
tion  due  to  repeated  twinning.  This  striation  can  often  be  seen  by  the  unaided  eye  upon  the 
cleavage  face  (0).  And  its  existence  can  always  be  surely  tested  by  the  examination  of  a  thin 
section  in  polarized  light,  the  alternate  bands  of  color  showing  the  same  fact. 

The  separation  of  the  different  tricliiiic  species  can  be  surely  made  by  complete  analysis 
only,  or  at  least  by  the  determination  of  the  amount  of  alkali  present.  The  degree  of  fusi- 
bility, the  color  of  the  flame,  and  the  effect  produced  by  digestion  in  acids,  are  often  import- 
ant aids.     In  the  hands  of  a  skilled  observer  the  optical  examination  may  give  decisive  results. 


31',  O  A  H 


571 


ANORTHrrB.    Indianite. 

Triclinic.  i:b:d  =  0-86663  :  1-57548  :  1.  IaT  =  120° 
(over  24)=W  10',  OaI  =  114^  6^',  OaI=  110° 
40',  6>  A  2-i  =  98°  46' ;  a  =  93°  13it',  /8  =  115°  55^', 
7  =  91°  Hi'  Cleavage :  O,  i-l  perfect,  the  latter 
least  80.  Twins  similar  to  those  of  albite.  Also  mas- 
sive.    Structure  granular,  or  coarse  lamellar. 

11. =6-7.  G.= 2-66-2-78.  Lustre  of  cleavage 
planes  inclining  to  pearly ;  of  other  faces  vitreous. 
Color  white,  grayish,  reddish.  Streak  uncolored. 
Transparent  —  translucent.  Fracture  conchoidal. 
Brittle. 


Var. — Anorthite  was  described  from  the  glassy  crystals  of  Som- 
ma.     Indianite  is  a  white,  grayish,  or  reddish  granular  anorthite  from  India,  first  descrilbed 
in  1802  by  Count.  Boumon. 

Oomp.— Q.  ratio  for  R  :  M  :  Si=l  :  3  :  4.     Formula  CaAlSi20»= Silica  43-1,  alumina  30-8, 
lime  20' 1=100.    The  alkalies  are  sometimes  present  in  very  small  amounts. 
'  P3rr.,  etc. — B.B.  fuses  at  5  to  a  colorless  glass.     Decomposed  by  hydrochloric  acid,  with 
separation  of  gelatinous  silica. 

Obe. — Occurs  in  some  granites;  occasionally  in  connection  with  gabbro  and  serpentine 
rocks ;  in  some  cases  along  with  corundum ;  in  many  volcanic  rocks.  Found  in  the  old  lavas 
in  the  ravines  of  Monte  Bomma ;  Pesmeda-Alp,  Tyrol ;  in  the  Faroe  islands ;  in  Iceland ; 
near  Bogoslovsk  in  the  Ural,  etc. 

Bttownite  has  been  shown  by  Zirkel  to  b^  a  mixture.    Bytown,  Canada. 


Triclinic.  7 A r  =  121°  87',  OhU  =  93°  20',  C>  A  /  =  110°  50',  (9 A 7' 
=  113°  34' ;  Marienac.  Twins  :  similar  to  those  of  albite.  Cleavage :  O 
easy ;  i-i  less  so ;  /traces.  Good  crystals  rare ;  generally  massive  granular, 
and  in  grains  cleavable ;  sometimes  cryptocrystalline  or  liornstone-like. 

H.=6.  G.=2-67-2-76.  Lustre  of  O  pearly,  passing  into  vitreous; 
elsewhere  vitreous  or  subresinous.  Color  gray,  brown,  or  greenish,  some- 
times colorless  and  glassy ;  rarely  porcelain- white ;  usually  a  change  of 
colore  in  cleavable  varieties.  Streak  uncolored.  Translucent — subtrans- 
lucent. 


Oomp.,  Var. — Q.  ratio  for  B  :  Al :  Si=.l  :  3  :  6,  but  varying  somewhat  (see  p.  207). 
Formula  BAlSiaOio;  here  B=Ca  and  Ka«.  The  atomic  ratio  for  Na  :  Ca=2  :  3  generally, 
this  corresponds  to  Silica  52*9,  alumina  30-3,  lime  12*3,  soda  4*5=100. 

Yar.  1.  Cleavable.    (a)  Well  oxystalliied  to  (b)  maasive.     Play  of  colors  either  wanting,  as 
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in  some  oolorless  orystals :  or  pale ;  or  deep ;  blae  and  green  are  the  predominant  oolora  ;  but 
yelloWf  fire-red,  and  pearl-gray  also  occur.  By  catting  very  thin  sliceB,  parallel  to  t-l,  from 
the  original  labradorite,  they  are  seen  under  the  microHCope  to  contain,  besides  strias,  great 
numbers  of  minute  scales,  like  the  aventurine  oligoclase,  which  are  probably  gothite  or  hema- 
tite. These  scales  produce  an  aventurine  effect  which  is  quite  independent  of  the  play  of 
colors  which  arises  from  the  interference  of  the  rays  of  light  reflected  by  innumerable  inter- 
nal lamellse  (liewtck).  The  various  forms  of  minerals  {mwropl*ikites^  mterophfflUtes^  etc. )  en- 
closed in  the  labradorite,  and  their  relation  to  it  in  position,  have  been  thoroughly  investigated 
l^  Schrauf  (Ber.  Ak.,  Wien,  Dec.,  18G9). 

Pyr,,  etc.— B.  B.  fuses  at  8  to  a  colorless  glass.  Decomposed  with  difficulty  by  hydrochlorio 
add,  generally  leaving  a  portion  of  undecompoged  mineral. 

Obs — Labradorite  is  a  constituent  of  Rome  rocks,  both  metamorphic  and  igneous;  e,g.y 
diabase,  doleiyte,  basalt,  etc.  The  labradoritio  metamorphic  rocks  are  most  common  among 
the  formationa  of  the  Archaean  or  pre-Silurian  era.  Such  are  part  of  those  of  British  America, 
northern  New  York,  Pennsylvania,  ArkanBas;  those  of  Greenland,  Norway,  Finland,  Sweden, 
and  probably  of  the  Vosges.  Being  a  feldspar  containing  comparatively  little  silica,  it  occurs 
mainly  in  rocks  which  include  little  or  no  quartz  (free  silica). 

Kiew  has  furnished  fine  specimens ;  also  Labrador.  It  is  met  with  in  many  places  in 
Canada  East.  Occurs  at  Essex  Co.,  N.  Y.  ;  alno  in  St.  Lawrence,  Warren,  Scoharie,  and 
Green  Cos.  In  Pennsylvania,  at  Mineral  Hill,  Chester  Co.  ;  in  the  Witchita  Mts.,  Axkansaa, 
etc. 

Labradorite  was  first  brought  from  the  Isle  of  Paul,  on  the  coast  of  Labrador,  by  Mr.  Wolfe, 
a  Moravian  missionary,  about  the  year  1770,  and  was  called  by  the  early  mineralogists  Labra* 
dor  stone  {Lubradontein),  and  also  chatoyant,  opaline,  or  Labrador  feldspar.  Labradorite 
receives  a  fine  i>olish,  and  owing  to  the  chat  jyant  retiections,  the  specimens  are  often  highly 
beautiful.     It  is  sometimes  used  in  jewelry. 

Maskkltnite. — Occurs  in  transparent,  isometric,  grains  in  the  meteorite  of  Shergot^. 
Same  composition  as  labradorite. 


ANDESrm.    Andesine. 

Triclinic.  Approximate  angles  from  Esterel  crystals  (DesCl.) :  O  A  i-t, 
left,  87°-88%  O  A  /=  111°-112°,  O  A  /  =  115°,  lAi-i  =  119°-120%  T  Ai^l 
=120°,  6^A2-i  =  101°-102°.  Twins:  resembling  those  of  albite.  Sel- 
dom in  crystals.  Cleavage  more  nneven  than  in  albite.  Also  granular 
massive. 

H.=5-6.  G.=2-61-2'74.  Color  white,  gray,  greenish,  yellowish,  flesh- 
red.     Lustre  subvitreous,  inclining  to  pearly. 

Oomp.— Q.  ratio  1  ;  3  :  8,  but  varying  to  1  :  3  :  7.  General  formula  RAlSiiOu ;  R=Naaand 
Ga  in  the  ratio  1  :  1  to  8  :  1 :  if  the  ratio  is  1  :  1,  the  formula  corresponds  to  Silica  59*8,  alu- 
mina 25-5,  lime  7*0,  soda  7 -7= 100. 

Pyr.,  etc. — Andesite  fuses  in  thin  splinters  before  the  blowpipe.  Saccharite  melts  only  on 
thin  edges ;  with  borax  forms  a  clear  glass.     Imperfectly  soluble  in  acids. 

Obs. — Occurs  in  many  rocks,  especially  some  trachytes.     The  original  locality  was  in  the* 
Andes,  at  Marmato ;  also  in  the  porph}^^'  of  T Esterel,  France  ;  in  the  Vos^cs  Mts.  ;  at  Vap- 
nefiord,  Iceland,  in  honey-yellow  transparent  crystals,  etc.     In  North  America,   found  at 
Chiitean  Richer,  Canada,  forming  with  hypersthene  and  ilmenite  a  wide-spread  rock ;  color 
flesh-red. 

Andesite  is  regarded  by  DesCloizeaux  as  an  altered  oligoclase,  but  many  careful  analyc 
point  to  a  feldspar  having  the  composition  given  above. 


Monoclinic,  like  orthoclase,  and  angles  nearly  the  same.  C  =  64°  16', 
/A  /  =  118°  41',  O  A  1-i  =  130°  56i'.  Cleavage  :  O  perfect,  i-i  somewhat 
less  so.    In  small  crystals,  single,  or  in  groups  of  two  or  three. 
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n.=6-6*5.  G.=2'80,  transparent;  2*905,  translucent.  Lustre  vitreous, 
or  like  that  of  adularia.  Color  white,  or  colorless ;  also  flesh-red.  Trans- 
parent to  translucent. 

Oomp. — Q.  ratio  for  R  :  A  :  Si=l  :  3  :  8.  Formula  (Ba,K:i)AlSi40,,.  Analysis  of  hjalo- 
phane  from  the  Bimienthal  by  Stockar-Escher,  SiO,  52-67,  AIO3  21*12,  MgO  004,  CaO  0-46, 
BaO  1505,  NaaO  214,  KaO  7«2,  HaO  0'58=99-88. 

P3nr.,  etc. — B.B.  fuses  with  difficulty  to  a  blebby  glass.     Unacted  upon  by  acida 
Obs. — Occurs  in  a  granular  dolomite  near  Imfeld,  in  the  Binnenthal,  Switzerland  ;  also  at 
Jakobsberg  in  Sweden. 


OUOOOIiASB. 

Triclinic.    I^  I'  =  120°  42',  O  A  U,  ov.  %V  =  93°  60',  C>  A  /=  110°  55', 
On  /'  =  114°  40'.    Cleavaore :  O,  U perfect, the 
latter  least  so.     Twins :  similar  to  those  of  albite.  572 

Also  massive. 

ri.=6-7.  G.=2-56-2-72;  mostly  2-65-2-69. 
Lustre  vitreo-pearly  or  waxy,  to  vitreous.  Color 
usually  whitish,  with  a  faint  tiuge  of  grayish- 
green,  grayish-white,  red  dish- white,  greenish, 
reddish ;  sometimes  aventurine.  Transparent, 
subtranslucent.      Fracture  conchoidal  to  uneven. 

Oomp.,  Var.— Q.  ratio  for  R  :  Al  :  Si=l  :  3  :  9,  though 
with  some  variations  (see  p.  297).  Formula  RAlSi60i4,  with 
R=Na(Kj),Ca.  The  ratio  of  3  :  1  for  Na  :  Ca  corresponds  in 
this  formula  to  Silica  61  -9,  alumina  24*1,  lime  5*2,  soda  8*8=100. 

Var.  1 .  GtearabU  ;  in  crystals  or  massive.  2.  Compact  nuwnve  ;  dligo6lase-felsite  ;  includes 
part,  at  least,  of  the  so-called  compact  feldspar  otfMte^  consisting  of  the  feldspar  in  a  com- 
pact, either  fine  gxaimlar  or  flint-like  state.  3.  Aventurine  oligwiUtse,  or  sunstone.  Color 
grayish-white  to  reddish-gray,  usually  the  latter,  with  internal  yellowish  or  reddish  fire-like 
reflections  proceeding  from  disseminated  crystals  of  probably  either  hematite  or  gothite.  4. 
Moonatone  pt.     A  whitish  opalescence. 

Pyr.,  etc. — B.B.  fuses  at  3*5  to  a  clear  or  enamel-like  glass.  Not  materially  acted  upon  by 
acidf. 

Obs.— Occurs  in  porphyry,  granite,  syenite,  serpentine,  and  also  in  different  eruptive  rooks. 
It  is  sometimes  associated  with  orthoclase  in  granite,  or  other  granit«i-like  rocks.  Among  its 
localities  are  Pargas  in  Finland  ;  Schaitansk,  Ural ;  in  protogine  of  the  Mer-de -Glace,  in  the 
Alps ;  in  tine  crystals  at  Mt.  Somma ;  as  sunstone  at  Tvedcstrand,  Norway ;  in  Iceland, 
colorless,  at  Hafnefjord  (hafnefiordite).  In  the  United  Staten,  at  Unionville,  Pa.  ;  also  at 
Haddam,  Gt.  ;  Mineral  Hill,  Delaware  Co.,  Pa.  ;  at  the  emery  mine,  Chester,  Mass. 

Named  in  1826  by  Breithaupt  from  6^1}  rr^  Uttle^  and  tOiu,  to  cleave. 

TscHURMAKiTE  (v.  Kobell). — Supposed  to  be  a  inagnesia-fddspar^  but  the  conclusion 
was  probably  based  on  the  analysis  of  impure  material.  Later  investigations  (Hawes,  Piaani) 
make  it  an  oligoolase.     Occurs  with  kjerulfine  from  Bamle,  Norway. 


ALBITZ!. 

Triclinic.  /A  T'  =  120^  47',  OnU  =  93°  36',  6>  A  /'  =  114°  42',  OnI 
=  110°  60',  6>  A  2-r  =  136°  50',  (?  A2-^  =  133°  14'.  Cleavage:  O,  i-l 
perfect,  the  first  most  so;  14  sometimes  distinct.  Twins:  twinning-plane 
t-i^  axis  of  revolution  normal  to  i-l^  this  is  the  most  common  method,  and 
its  repetition  gives  rise  to  the  fine  striations  (p.  91)  upon  the  plane  O,  which 
are  so  characteristic  of  the  triclinic  feldspars ;  twiuning-plane,  2-1  (f .  578) 


803 


DEMrscprnrE  hixisaloot. 


ai)alo<yon5  to  the  Baveno  twins  of  orth»K:lase :  also  twiuning-axis,  the  vertical 
axid  (f.  575; ;  twinning-axis,  the  macroiiiagt.nal  axis*  ii).  the peridine  twins. 
Double  twins  not  unc-ominon.  Tnie  simple  crystals  very  rare.  Alec  mas- 
give,  either  lamellar  or  granular ;  the  laminse  sometimes  divergent ;  granular 
varieties  o<:casionally  quite  fine  to  impalpable. 
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577 


Pericline. 


Middletown,  Ct. 


II. =6-7.  G.=2  59-2'05.  Lustre  pearly  upon  a  cleavapre  face  ;  vitreous 
in  other  directions.  Color  white,  also  occasionally  bluish,  gray,  reddish, 
greenish,  and  green ;  sometimes  having  a  bhiish  opalescence  or  play  of  colors 
on  O.  Streak  uncolored.  Transparent— subtj-anslucent.  Fracture  uneven. 
Brittle. 

Oomp.,  Var.— Q.  ratio  Na  :  Al  :  Si=l  :  3  :  12.  Formula  Na,AlSi«0,.= Silica  68*6,  alumina 
19-0,  BOfla  11-8=100.  A  small  part  of  the  sodium  is  replaced  usually,  if  not  alwaj-s,  by 
potassium,  and  also  by  calcium  (here  Na^  by  Ca).  But  Uiese  differences  are  not  externally 
apparent. 

Var.  1.  Ordinary,  (a)  In  crystals  or  cleavable  massive.  The  angles  vary  somewhat, 
especially  for  plane  T,  {h)  Atenturine  ;  similar  to  aventurine  oligoclase  and  orthoclase.  (c) 
Moormtone  ;  similar  to  moonstone  under  oligoclase  and  orthoclose.  PerUteritt  is  a  whitish 
adularia-Uke  albite,  slightly  iridescent,  having  G.  =2*020  ;  named  from  Trffnnrqm,  pigion,  the 
colors  resembling  somewhat  those  of  the  neck  of  a  pigeon,  (d)  Peridine  is  in  large,  opaque, 
white  CTystals,  short  and  broad,  of  the  forms  in  f.  577  (£.  334,  p.  101) ;  from  the  chlorite  schists 
of  the  Alps.     Lamellar ;  cUntelamlitfi,  a  white  kind  found  at  Chesterfield,  Mass. 

Pyr.,  et7. — 6.B.  fuses  at  4  to  a  colorless  or  white  glass,  imparting  an  intense  yellow  to  the 
flame.     Not  acted  upon  by  acids. 

Obs. — Albite  is  a  constituent  of  several  rocks,  as  dioryte,  etc  It  occurs  with  orthoclase  in 
8ome  granite.  It  is  common  also  in  gneiss,  and  sometimes  in  the  crystalline  schists.  Veins 
of  albitic  granite  are  often  repositories  of  the  rarer  granite  minerals  and  of  fine  crystalliza- 
tions of  gems,  including  beryl,  tourmaline,  allanite,  columbite.  eta  It  occurs  also  in  some 
trachyte,  in  phonolyte,  in  granular  limestone  in  disseminated  crystals,  as  near  Modane  in 
Savoy.  Some  localities  for  crystals  are  :  Schneeberg  in  Passeir,  in  simple  crystals  ;  Col  du 
Bonhomme  ;  St.  Gothard,  and  elsewhere  in  the  Alps;  Penig,  etc.,  Saxony  ;  Arendal ;  Green- 
land ;  Island  of  Elba. 

In  the  U.  S.,  in  Maine^  at  Paris.  In  Mom.^  at  Chesterfield;  at  Goshen.  In  Conn.,  at 
Haddam ;  at  Middletown.  In  N.  7ork^  at  Granville,  Washington  Co.  ;  at  Moriah,  Essex  Co. 
In  Penn.,  at  Unionville,  Delaware  Co. 

The  name  Albite  is  derived  from  albus^  white,  in  allusion  to  its  color,  and  was  given  the 
species  by  Gahn  and  Berzelius  in  1814. 


*  Vorti  Rath  has  recently  shown  this  to  be  the  true  method  of  twinning  in  this  case,  and 
hence  that  the  explanation  of  Rose  (given  on  p.  101)  is  incorrect. 
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ORTHOOIiASB. 


a 


MoTioclinic.  6^=  63°  53',  /A 7=  118°  48',  (?  A  14  =  153°  28';  c  :  5 
=  0-844  :  1-5183  :  1.  (?  A  1-i  =  129°  41',  O  A  2-i  =  99°  38',  O  A  2  ==  98° 
4'.  Cleavage  :  O  perfect ;  i-i  less  distinct ;  i-i  faint ;  also  imperfect  in  the 
direction  of  one  of  the  faces  /.  Twins:  twinning-plane,  i-i  (CwrUhad 
twins)  f .  582,  but  the  clinopinacoid  (z-i)  the  composition-face  (see  p.  98) ; 
twinning-plane  the  base  {O)  f.  583 ;  also  the  clinodome,  2-i  {Baveno  twins)^ 
as  in  f.  588,  in  which  the  prism  is  made  up  of  two  adjoining  planes  O  and 
two  i-i,  and  is  nearly  square,  because  O  Airl=  90°,  and  0  A  24  =  135*^  3' ; 
/a  /=  169°  28' ;  also  the  same  in  a  twin  of  4  crystals,  f .  587,  each  side  of 
the  prism  then  an  O  (see  also  p.  99).  Often  massive,  granular;  sometimes 
lamellar.  Also  compact  crypto-crystalline,  and  sometimes  flint-like  or 
jasper-like. 
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Loxoclase. 


II. =6-6-5.  G.= 2-44-2-62,  mostly  2*5-2*6.  Lustre  vitreous;  on  cleav- 
age-surface sometimes  pearly.  Color  white,  gray,  flesh-red,  common; 
greenish-white,  bright-green.  Streak  uncolored.  Transparent  to  tran&- 
uicent.  Fracture  conclioidal  to  uneven.  Optic-axial  plane  sometimes  in 
the  orthodiagonal  secticui  and  sometimes  in  the  clinodiagonal ;  acute  bisec- 
trix always  negative,  normal  to  the  orthodiagonal. 

Oomp.,  Var Q.  ratio  for  K  :  ::\1  :  Si=l  :  3  :  12,    Formula  K,AlSi«0,«= Silica  64*7,  aln- 

mina  18*4,  potash  10'9=100;  with  sodium  sometimes  replacing  part  of  the  potassium.  The 
orthoclase  of  Carlsbad  contains  rubidium.  The  varieties  depend  mainly  on  structure,  varia- 
tions in  angles,  the  presence  of  soda,  and  the  presence  of  impurities. 

The  amount  of  sodium  detected  by  analyses  varies  greatly,  the  variety  sanidin  (see  below) 
sometimes  containing  6  per  cent.  The  variations  in  angles  are  large,  and  they  occur  some- 
times even  in  specimens  of  the  same  locality.  The  crystallization  is  normally  monoclinic, 
and  the  variations  are  simply  irregularities.  There  are  also  large  optical  variations  in  ortho- 
clase, on  which  see  DesCL  Min.,  i ,  329. 

Var.  1.  Ordinary.  In  crystals,  or  cleavable  massive.  Adidaria  (adular).  Transparent, 
cleavable,  usually  with  pearly  opalescent  reflections,  and  sometimes  with  a  play  of  colors  like 
labradorite,  though  paler  in  shade.  Moonstone  belongs  in  part  here,  the  rest  being  albite  and 
oligoclase.  Sujuttoue,  or  avent urine  feldspar :  In  part  orthoclase.  rest  albite  or  oligoclase 
(q.  v.).  Aimtzon-^tone :  Bright  verdigpris-green,  and  cleavable,  mostly  mixtur»»^of  orthoclase 
and  microclino  (Dx  ).  Kcenig  concludes  that  the  coloring  matter  of  the  Pike*s  Peak  amazon- 
stone  is  an  organic  compound  of  iron,  which  has  been  infiltrated  into  the  mass. 

SanUHn  of  Nose,  or  glaatty  fddspar  (including  much  of  the  lee-tpar,  part  of  which  is  anoir- 
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thite).  Occurs  in  transpareDt  giamj  crystals,  mostly  tabular  (whence  tbe  name  from  aartf,  m 
board),  in  lava,  pamice,  trachyte,  phonolitc,  etc.  Proportion  of  soda  to  potash  Tariee  from 
1  :  20  to  2  :  1 .  RhyaooUte  is  the  same  ;  the  name  was  applied  to  glassy  crystals  from  Mt^ 
Somma  (Eisspath,  Wern»). 

ChesterUte.  In  white  crystals,  smooth,  but  feebly  lustrous,  implanted  on  dolomite  in  Ches* 
ter  Co. ,  Penn.,  and  having  wide  variations  in  its  angles.  It  contains  but  little  soda.  Acoozd- 
ing  to  DcsCloizeaux  the  chesterlite  couRists  of  a  union  of  parallel  bands  of  orthocdaae  and  % 
triclinic  feldspar  of  the  same  composition,  which  he  colls  microcUne  (see  below). 

LoopoekMe,  In  grayish-white  or  yellowish  ci^'stals,  a  little  pearly  or  greasy  in  lustre,  offcett 
large,  feebly  shining,  lengthened  usually  in  the  direction  of  the  olinodiagonaL  O  A  7=  11  ST* 
80',  0A/'=n2'  50',  iAi'=120'  20.  Oa*-1  (cleavage  angle) =90^  Breith.  G.=2-6-2-«8,. 
Plattner.  The  analyses  find  much  more  soda  than  potash,  the  ratio  being  about  8:1,  bai 
how  far  this  is  due  to  mixture  with  albite  has  not  been  ascertained.  From  Hammond,  Sfc. 
Lawrence  Co.,  N.  Y.  Named  from  Ao^^t,,  transverse^  and  icAav,  /  eleare,  under  the  idea  that 
the  crystals  are  peculiar  in  having  cleavage  parallel  to  the  orthodiogonal  section.  PerthUe, 
A  flc8h-red  ayenturine  feldspar,  conslBting  of  interlaminated  albite  and  orthoclase,  as  shown 
by  Breithaupt.     From  Perth,  Canada  East. 

Compact  ORTnociiASK  or  OBTnocLASE-PELSiTE. — This  crypto-crystolline  variety  is  com- 
mon and  occurs  of  various  colors,  from  white  and  brown  to  deep  red.  There  are  two  kinds 
{a)  the  jasper4ikff  with  a  subvitrcous  lustre  ;  and  {b)  the  ceratoid  or  itaot-likf^  with  a  waxy 
lustre.  Some  red  kinds  look  closely  like  red  jasper,  but  are  easily  distinguished  by  the  fusi- 
bility. The  orthoclase  differs  from  the  albite  felsite  in  containing  much  more  potash  than 
soda.     The  Swedish  name  ILVleflintn  meojiR  false  flint. 

Pyr^  etc.— B.  B.  fuses  at  5  ;  varieties  containing  much  soda  are  more  fusible.  Loxoclaae 
fuses  at  4.     Not  acted  upon  by  acids. 

Obs. — Orthoclase  is  an  essential  constituent  of  many  rocks ;  here  are  included  granite, 
gneiss,  and  mica  schist;  also  syenite,  trachyte,  phonolyte,  etc.,  etc. 

Fine  crystals  are  found  at  Carlsbad  in  Bohemia ;  Katherinenburg,  Siberia  ;  Arendal,  Nor- 
way ;  Baveno  in  Piedmont;  in  Cornwall ;  in  the  Urals  :  the  Moume  mountains,  Ireland,  etc.; 
in  the  trachyte  of  the  Drachenfels  on  the  Rhine.  In  the  U.  States,  orthoclase  is  found  in 
N.  Ilamp.^  at  Acworth.  In  Conn.,  at  Ilatldam  and  Middletown.  In  N.  York^  at  Boesie  ; 
in  the  tawn  of  Hammond;  in  Lewis  Co.;  near  Natural  Bridge  ;  in  Warwick;  and  at  Amity 
and  Edenville.  In  Ptnn.^  in  crystals  at  Leiperville,  Delaware  Co.,  etc.  In  iV.  CVir.,  i^ 
Washington  Mine,  Davidson  Co.;  beautiful  Amazoustone  at  Pike's  Peak,  Col.  Massive  ortho- 
clase is  abundant  at  many  localities. 

MfCiUK'LiNE.  A  triclinic  itotiinh  feldspar. — The  name  microclinc  was  originally  g^ven  by 
Breithaupt  to  a  whitish  or  reddish  feUlsp.ir  from  the  zircon-syenite  of  Fr^ericksvam  and 
Brevig,  Norway,  on  the  ground  that  it  was  triclinic.  It  was  shown  by  DesCloizeaux  that  this 
feldspar  was  merely  a  variety  of  orthocla«»p  remarkable  for  its  large  amount  of  soda.  Recently 
the  latter  author  has  proposed  to  retain  this  name  for  a  feldspar  found  in  the  midst  of  gran- 
ites, pegmatite,  and  gneiss,  which  is  shown  both  by  the  angle  between  its  cleavage  planes, 
and  also  by  its  optical  properties,  to  be  really  trielinic. 

Form  generally  like  that  of  orthoclase.  Cleavage  basal  and  cliuodiagonal,  and  also  easy 
parallel  to  both  prismatic  faces  (/  and  i) ;  for  the  optical  properties  see  p.  298.  Often  asso- 
ciated with  orthoclase  in  regular  parallel  bands,  especially  in  the  amazoDstone  ;  albite  is  also 
sometimes  present,  though  irregularly.  Analysis  of  a  *'pure  microcline  "  from  Magnet  Cove 
byPisani.     G.=2-54. 


SiO, 

rVlO, 

FoO, 

K.O 

Na,0 

ign. 

64;?0 

19-70 

0-74 

15  00 

0-48 

0-85=101  17 

The  association  of  orthoclase  and  microcline  was  observed  in  specimens  from  the  Ilmen 
Mts.;  Urals  ;  Arendal ;  Greenland ;  Labrador  ;  Everett,  Mass.;  Delaware,  Chester  Co.,  Penn.; 
Pikers  Peak,  Col.  The  purest  microcline  was  that  of  a  greenish  color  from  Magnet  Cove, 
Ark.  ;  it  enclosed  crystals  of  Oigirite,  and  was  not  mixed  with  orthoclase. 

SUBSILICATES. 

Ilumite  or  Chondrodite  Group^  including  three  sub-species : 

L  Humite;  II.  Chondrodite;  III.  Olinohumite. 

The  existence  of  three  types  of  forms  among  the  crystals  of  humite  (Vesuvius)  was  earlj 
ahown  by  Scacchi  ;  they  have  since  then  been  further  investigated  by  vom  Rath  (Pogg.  £ig., 
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Bd.  v.,  321,  1871 ;  ibid.,  tL,  885,  1873).  The  chemical  identity  of  the  species  hnmite  and 
chondrodite  was  shown  by  Rammelsbeig ;  later  Koksoharof  proved  that  the  crystals  of  ohon- 
drodite  from  Pargas,  Finland,  were  identical  in  form  and  angles  with  Scacchi's  type  II,  of 
humite,  and  the  same  has  also  been  shown  of  the  Swedish  crystals  by  vom  Rath.  In  1875 
the  author  described  crystals  of  chondrodite  from  Brewster,  N.  Y. ,  belonging  to  each  of  the 
three  types  of  humite ;  he  showed,  moreover,  then  and  later  (Feb.,  187G),  that  contrary  to 
what  had  been  previously  assumed,  the  crystals  of  both  type  IL  and  type  III.  were  monocUnic^ 
not  orthorhombic.  DesCloizeaux  and  Klein  have  since  proved  (Jahrb.  Min.,  1876,  No.  (5) 
the  monoclinic  character  of  type  III.  of  the  Yesuvian  humite,  and  the  former  that  of  the 
Swedish  crystals  (type  II.) ;  he,  moreover,  proved  the  orthorhombic  character  of  the  crystals 
of  type  I.,  Vesuvius.  In  accordance  with  these  facts  DesCloizeaux  has  proposed  that  the  three 
t*ypes  be  regarded  as  distinct  species,  with  the  names  given  above. 


L  HUMmi.    Including  type  I. ,  Scacchi,  Vesuvius.    Also  rare  crystals  from  Brewster,  N.  Y. 
The  latter  large,  coarse,  and  having  suffered  more  or  less  alteration. 

Orthorhombic.  Holohedral.  i-2  {o^  A  iz  =  130*»  19' ;  0{A)A  S-l  (i?)  = 
102**  4:8' ;  Oa  1-i  (H^)  =  124''  16' ;  Oa  34  (^)  =  103°  47' ;  6>  A  1-i  (e«)  =  126*^ 
21' ;  Oa  1.2  (7^  =  121°  44'.  Twins :  twinning-olaiie  f  i,  also  f  i,  in  both 
cases  the  angle  of  tlie  horizontal  prism  is  nearly  120°.  Optic-axial  plane 
parallel  to  the  base,  acute  bisectrix  positive,  normal  to  z-i.  Dispersion 
almost  zero.     2Ha  =  78°  18' -79°  for  red  rays.     (DesCl.) 


Vesuvius. 


Brewster. 


Brewster. 


n.  OHONDRODITE.  Including  type  IT.  of  Scacchi,  Vesuvius  ;  also  crystals  from  Finland, 

Sweden,  and  with  few  exceptions  those  of  Brewster,  N.  Y. 

Monoclinic.  ^Ai=122°  29';  J.A<3«  =  109*  5';  A  A e^' =  108''  58'; 
A  171^=1  103°  12' ;  ^  A n^'  =  103°  9' ;  AAr^  =  135°  20' ;  AA7^  =  125° 
50';   CA7^  =  146°24';   6^A  71^  =  135°  40' :   67  A  n^' =  135°  41'. 

The  letters  (those  employed  by  Scacchi)  correspond  to  the  following 

symbols : — 

A=0    i  =  14  ^  =  —24  71^= -2   7^  =  -fi   r8=-f&   m«=-64, 
C  =  i-i   i»=i4  e»'=      24  n''=     2   7^=     fS   7^=       4-S     i»=     ^1. 

Twins  :  twinning  plane  |-i  (±?)  and  j-i  (±?),  (both  having- a  prisnmtic 
angle  nearly  120°)  ;  also  the  basal  plane  0  (Brewster,  N.  Y.,  f.  593). 
Optic-axial  plane  makes  an  angle  of  26°  with  the  base ;  acute  bisectrix 
20 
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positive,  normal  to  the  elinopinaeoid  {€),     2IIa=88*  48'  for  red  ram 
Brewster,  N.  Y.  (E.  S.  !>.).  2IIa=86°  14'-87°  20'  (red  rays),  Sweden,  (DesCl.) 

The  above  angles  are  those  (nven  by  DesCloUeaux,  the  aotlioi'B  own  measoremeata  on  th* 
ciystoU  from  BrewsMr  (not  yet  oompleted),  point  to  a  amaller  variation  from  the  leotAnga'az 
y^ie.     DeaCloUeaui  makea  the  plane  c''=i-i,  and  H=J,  1^=1, 1^=  —1. 


Monoclinii!.  ^Ae»  =  133MO';  A  A  e^  =  133''  40';  AAr'  =  l25''  13'; 
AAm  =  lU"  55' ;  ^  A  ?«'  =  92°  58' ;  j1  A  n  =  132°  14' ;  A  A  n"  =  122' 
67';  AAn*  =  97°23';^A»(*'  =97°  23';  ^A7-'  =  131=23  ;  jl  A^'*  =  125° 
47';   Ca»^=132''50';   r  a  r*  =  137°  25'.     DesCioizeaux. 

Tliesc  letters  (tliose  eitiployod  liy  Sciitehi)  coiTespond  to  the  following 
Bvinlxils: — 


A=  0      *  =  M    n  =     4    n'  = 
V=i-i     i»=l-i    «'=-^     n*'= 


I- 


fi 


-H 


DeBCloizeaiix  makes  the  plane  e*'  =  i-i,  1*  =  I,  and  r*  =  —  \,  and  j-"  =  1. 
Twins;  t  winning-plane  —J-';  also  the  l)asal  rlane  (Brewster).    Optic-axial 

Elane  makes  an  angle  of  7^°  with  the  base,  lirewster  (Dana) ;  same  angle 
)r  Vesnvian  crystals  eqnals  12°  28'  (Klein),  al>out  11°  (DcsCI.V  Acute 
bisectrix  ]i(iBitive,  normal  to  elinopinaeoid,  2Ilo=84°  40'-85°  15',  vcllow 
(Kl.).=84''  3S'-m°  4'  white  crystals,  and  =8(1°  40'-S7''  14'  bi-own  crystals 
(DesCl.),     Sections  of  crystals  often  shows  a  complex  twinned  stnictiiro. 

In  other  physical  and  in  chemical  characters  tliese  three  snb-species  are 
hardly  to  be  distingnished. 

II.=6-6-5,  G.= 3-1 18-3-24.  Lnstre  vitreous — resinons.  Color  of 
crystala  yellowish-white,  citron  yellow,  honey-yellow,  hyaciiitli-red,  brownish 
(Vesuvius^;  also  deep  garnet-red  (Brewster).  Color  of  the  mineral  occur- 
ring massive  and  in  rounded  imbedded  grains  (chondrodite  at  least  in  jwirt) 
as  (if  crystals,  also  soinctiniee  olive-green,  apple-green,  gray,  black.  Streak 
white,  or  slightly  yellowish,  or  grayish.  Transparent — subtranslucent. 
Fiactui-e  subconcQoidal — uneven. 
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Oomp. — The  ohemical  inTertlgatioiij  ot  Rammelaberj  uad  vom  Roth  have  sarvet!  to  show 
K  conaiderable  Tsxiation  in  compoBition  in  the  different  varieties,  but  do  not  give  decidedly 
different  formulas  to  the  three  types  of  Scacchi,  that  is.  the  three  mincriUH  described  alKive. 

In  general  Q.  ratio  for  Mg  :  Si=4  :  3  (li  :  1),  and  the  formula  then  Mg.SijOji  ;  or,  as  pre- 
ferred b;  Rammelaberg,  Mg  :  Si=5  :  4  (I^  :  1),  and  the  formuiEk  is  then  Mg^SiiO..  In  all 
oases  part  ot  the  magneainm  is  replaced  by  iron,  and  part  of  the  oxygen  bj  Ituorine  (F,).  the 
lUDount  varying  from  3i  to  H  p.  c,  bat  certainly  not  dependent  (v.  Rath  and  Bamm.)  upon 
the  three  types. 


Analyses  :- 

L  Humite,  VesnTinB, 
IL  Chondrodite,  Vesuvius, 
II.  Choudrodite,  Breimter, 
II.  Chondrodite,  Sweden, 
III.  Clinohiunite,  Vesuvius, 


Chondrodite (?). N.Jersey, 33 -97    3'48    56-07    744 


FaO  MgO      V 

\    513  04-45  S-43  CoO  0-23  AlO,  0-82=99-08.  v.  Bath. 

1    2-30  57-93  5'04  CaOO'74  AlO,  VOG=100-3a,  Ilamm. 

I    7-28  53-72  4-14     AlO,  0-48=fiB-73,  Hawes. 

I    6-83  r>3-51  4-34      AlO,  0-72=03-3e,  v.  Rath. 

5-48  54'93  S-40      AlO,  0-24=0»-8«.  v.  Rath. 


=  101tlB,  Ramm. 


blacken  and  then  bum  white.      Fused  with  salt 
action  for  flnorine.     With  the  fluxes  ■  reaction  foe 
ith  sulphuric  acid  givaa  off  ailicon  fluoride, 
infusibility  ;  gelatinizing  with  acids ;  fluorine  reao- 


Pyr.,  etc. — B.  B.  iafnsible ;  some 
of  phosphorus  in  the  open  tube  gives  a 
iron.      Gelatiniies  with  acida.      Heated 

Diff. — Distinguishing  characters  are 
tion  with  sulphuric  acid. 

Obs^ — The  localities  of  the  cryatollized  minerals  have  already  been  mentioned. 

The  granular  chondrodite  (F)  oocucs  mostly  in  limestone.  It  is  found  in  Finland  and 
in  Sweden  ;  nt  Taberg  in  Wermland  ;  at  Boden  in  Saiony  ;  on  Loch  Neaa  in  Scotland  ;  at 
Achmatovsk  in  the  Ural,  etc.  Abundant  in  the  counties  of  Suasei.  N.  J.,  and  Orange,  N.  Y., 
where  it  is  associated  with  spinel.  In  N.  Jeney,  at  Bryam  ;  at  Sparta;  at  Vernon,  Lockwood, 
and  Franklin.  In  N.  York,  in  Orange  Co.,  in  Warwick,  Monroe,  etc.  \  near  Bdenvilla;  at 
the  Tilly  Foster  Iron  Hine,  Brewster.  Putnam  Co.  In  Matt.,  at  Chelmsford.  In  Penn.,  near 
Chodaford.  In  Utiiinda,  in  limestone  at  St.  Crosby  ;  St.  Jerome  ;  St.  Adcle ;  Grenville,  etc., 
abtuidont. 


TOTTRMAUHB.    Turmtilin,  Oerm. 


Rhombohedral.   Rt\R  - 


3%  CAi?  =  134°3';<;  =  0-89526.    iAj  = 


GoaTemeiiT,  N.Y.  St.  Lawrence  Co.,  N.T, 

ISi^SS',  iAi=133''  8',*-2Ai'  =  155''14',t-3Ai»  =  142''26'.     UBually 
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hemihedral,  being  often  unlike  at  the  opposite  extremities,  or  hemimorphic, 
and  the  prisms  often  triangular.  Cleavage :  lij  — i.  and  i-2,  difiicult. 
Sometimes  massive  compact ;  also  columnar,  coarse  or  fine,  parallel  or 
divergent. 

H.=7-7'5.  G.=:2'94:-3*3.  Lustre  vitreous.  Color  black,  brownish- 
black,  bluish-black,  most  common  ;  blue,  green,  red,  and  sometimes  of  rich 
shades ;  rarely  white  or  colorless ;  some  specimens  red  internally  and  green 
externally ;  arid  othere  red  at  one  extremity,  and  green,  blue,  or  black  at 
the  other.  Dichroic  (p.  161).  Streak  uncolorcd.  Transparent — opaqne  ; 
greater  transparency  across  the  prism  than  in  the  line  of  the  axis,  frac- 
ture subconchoidal — uneven.     Brittle.     Pyroelectric  (p.  105). 

Var.— 1.  Ordinary.  In  crystals.  {a)Bubdlife;  the  red  sometimes  transparent,  {b)  Indi- 
edUte  :  the  blue,  either  pale  or  bluish -black  ;  named  from  the  indigo-blue  color,  (e)  BmzUian 
Sapphire  (in  jewelry);  Berlin-blue  and  transparent;  (rf)  Brazilian  Emerald^  Chrynolite  {or 
Peridot)  of  Brazil ;  green  and  transparent,  (e)  Peridot  of  Ceylon  ;  honey-yellow.  (/)  A6k- 
roiU;  colorless  tourmaline,  from  Elba,  (g)  Aphrizite;  black  tourmaline,  from  Knigerde, 
Norway.  (/<)  Colttmnar  and  Mack;  coarse  columnar.  Resembles  somewhat  ho  nblende,  but 
has  a  more  resinous  f racture,  and  is  without  distinct  cleairage  or  anything  like  a  fibrous 
appearance  in  the  texture. 

Oomp. — Q.  ratio  of  all  varieties  for  R  :  Si=:3  :  2  (Bammelsberg),  consequently  the  general 
II    I  I  II 

formula  is  Ra(B«,ii)Si06.  R  may  represent  here  H,  K,  Na,  Li ;  also  R=Mg(Ca).Fe,Mn,  and 
R=^,B3 ;  further  than  this  the  Si  is  often  in  part  replaced  by  F3.  Rammelsberg  distin- 
guishes two  groups,  where  the  Q.  ratio  for  B  :  r\l  :  Si=3  :  0  :  8,  and  (2)  with  the  Q.  ratio  for 

B  :  Al  :  Si=l  :  8  :  3.     In  the  first  group  faU  most  of  the  yeUow,  brown,  and  black  varieties, 

11     I 

the  bivalent  elements  (Mg,Fe)  predominating,  the  general  formula  being  Ra(R6)H>Si403o. 

The  second  group  includes  the  colorless,  red,  and  slightly  green  kinds,  the  univalent  elements 

I     II 

appearing  most  prominent,  especially  lithium.     The  general  formula  is  R«(R])R^Si,«04». 

Several  distinct  varieties  are  made  under  these  gn^oups,  which  will  be  sufficiently  illustrated 

by  the  following  analyses,  by  Rammelsberg.    I.  Gouvemeur,  brown-;  G.  =8*0-19.    II.  Haddam, 

black;  G.=3130.     UI.  Goshen,  bluish-black;  G.=3  203.     IV.  Paris,  Me.,  red;  a.=3ul9. 

V.  Chesterfield,  Mass.,  green;  G.=3  009. 

SiOa  B,0,  AID,  FeO  MnO  MgO  CaO  Na,0  K,0  LigO      F  H^O 

I.  88«5  (8-85)  31-32  114  —  14  89  lOO  1*28    0-26  —  2-31=rl0O0O 

II.   37-50  (9-02)  30-87  854     8*60  1-33  l-«0    073      —  1-81  =  100-00 

III.  30-22  10-G5  33-35  11-95  1*25  0-63     175    040  0*84  0  82  2-21=100-83 

IV.  3819  9-97  42-0:3      1-94  039  0-45  2-00    0-68  117  118  2  00=100  20 

V.   38-46  9-73  36-80  6-38  0  78  188  —  2  47    0  47  0-72  0  55  2-31=100-55 

Tyr,^  etc. — I.  fuse  rather  easily  to  a  white  blebby  glass  or  slag ;  11.  fuse  with  a  strong  heat 
to  a  blebby  slag  or  enamel ;  III.  fuse  with  difficulty,  or,  in  some,  only  on  the  edges;  lY.  taae 
on  the  edges,  and  often  with  g^reat  difficulty,  and  some  are  infusible  ;  Y.  infusible,  but  becom- 
ing white  or  paler.  With  the  fluxes  many  varieties  give  reactions  for  iron  and  manganese. 
Fused  with  a  mixture  of  potassium  bisulphate  and  fluorite  gfives  a  strong  reaction  for  boracic 
acid.  By  heat  alone  tourmaline  loses  weight  from  the  evolution  of  silicon  fluoride  and  per- 
haps also  boron  fluoride ;  and  only  after  previoiis  ignition  is  the  mineral  completely  decom- 
posed by  fluohydric  acid.  Not  decomposed  by  acids  (Ramm.).  After  fusion  perfectly  decom- 
posed by  sulphuric  acid  (v.  Kobell). 

Di£f. — Distinguished  by  its  form,  occurring  commonly  in  three-sided,  or  six-sided  prisms ; 
absence  of  cleavage  (unlike  hornblende).  It  is  less  easily  fusible  than  garnet  or  vesuvianite. 
B.B.  (see  below)  gives  a  green  flame  (boron). 

Obs. — Tourmaline  is  usually  found  in  gpranite,  gneiss,  syenite,  mica,  chloritic  or  talcose  schist, 
dolomite,  granular  limentone,  and  sometimes  in  sandstone  near  dykes  of  igneous  rocks.  The 
variety  in  granular  limestone  or  dolomite  is  commonly  brown. 

Prominent  localities  are  Katherinenburg  in  Siberia ;  Elba ;  Windisch  Kappell  in  Carinthia  ; 
Rozena ;  Airolo,  Switzerland ;  St.  Gothard.  In  Great  Britain.  Bovey  Tracey  in  Devon ; 
Cornwall,  at  different  localities ;  Aberdeen  in  Scotland,  etc. 

In  the  U.  States,  in  Afaifhe,  at  Paris  and  Hebron.  In  Mass.,  at  Chesterfield ;  at  Goshen,  blue. 
In  N.  Hamp.^  Grafton ;  Acworth,  etc.   In  Conn,^  at  Monroe  and  Haddam,  black.  In  N.  York, 
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near QonvenienT ;  aetz  Port  Henn,  Enez  Co.,  endooDg  ortboclase  (see  p.  109);  PieTrepont; 
Dear  EdeDtille.  In  Penn.,  near  UnionviUe;  at  Cbester;  Uiddletqwn.  and  elsewhere.  In 
Citnndn.  at  Q.  Golamet  Id.  ;   at  Fitiroj,  C.  W.  ;   at  HonteiHtown,  'C.  E. ;   at  BathniBt  and 

ElmBter,  C.  W. 

GEnLEHtTB.— Tetra^naL  Color  gTHjish-green.  Q.  ratio  for  K  :  H  :  Si=8  :  3  :  4,  or  3  :  S 
for  bases  and  silioon.  Formula  CaitiSi,0;g,  with  H=^l  :  Fe=5  :  1 ;  this  requires  Silica  20-9, 
aimuiua  SI'S,  iron  aesqaioxide  8'4t.  lime  4'20=100.    Mt.  Monzoni,  Faasathal,  Tyrol. 


:  ^  :  d  =  0-71241 


ANDAIiTTBTTE. 

Ortliorhombic.  /a  /=  90°  48',  Oh\-l=  144°  32' 
:  1*01405  :  1.  Cleavage :  /  perfect  in  crystak  fi^oin 
Brazil;  i-\  Icsa  pci-feet;  i-l  in  traces.  Massive,  ira- 
pui-fectly  ct)Iutniiar,  sometimes  radiated,  and  gi-aniilar. 

IL=7"5 ;  in  some  opaque  kinds  3-6.  G-.=305- 
3'35,  mostly  8-l-3'2.  Ltisti-e  vitreous  ;  often  weak. 
Color  whitish,  pose-red,  ilesh-i-ed,  violet,  pearlj^ray, 
reddish-brown,  olive-green.  Streak  iincolored.  Trana- 
parent  to  opaqne,  nsually  subtranslncent.  Fracture 
uneven,  eiibcouchoidal. 

Var. — 1.  Ordiiuiry.  H.  —-7'5  on  the  basal  face,  if  not  elsewbere. 
a,  ChiattoliU  (maole),  Sterling,  Maas,  Stont  cij-glals  having  the 
axis  and  angles  t>t  a  diSeient  color  from  the  re«t.  owing  to  a  regu- 
'  hiT  Birangement  of  impurities  through  the  interior,  and  hence  ex- 
hibiting t,  colored  cross,  or  a  t«8»elated  appearance  in  a  transTcrse 
section.  H.=3-7'9,  varying  much  with  the  d^ree  of  impniity. 
The  following  figure  shows  sections  of  some  crjiet^  (see  also  p.  110). 

604 

Oomp— Q.  ratio  for  fi  :  Si=3  :  2;  AlSiO.= Silica 36-0,  alumina 63  1  =  100.  Sometimes* 
little  FeO>  is  present. 

PyxT  etc. — B.B.  infusible.  With  cobalt  solntion  gires  a  bine  color.  Kot  decomposed  by 
acids.     Decompoeed  on  fuaioii  with  caustic  alkalies  and  alkaline  carbonates. 

DifiL — DiBtingniiihi  Dg  characters:  infnaibilitT  ;  hardness;  and  the  form,  being  nearly  that 
of  a  square  prism,  nnlike  stsurolite. 

Obs. — Most  common  in  argillaceoas  schiBt.  or  other  echiats  imperfectly  crystalline  '  also  in 
gneiss,  mica  schist,  and  related  roclu.  Found  in  Spain,  in  AndalDxia.  and  thence  the  name 
of  the  species  ;  in  t^e  Tjrol,  Lisens  valley  ;  in  Saxony,  at  Brdumtdorf.  and  elsewhere.  In 
Ireland.  In  Brazil,  province  of  Hlnoii  Ceracs  (transparent!.  Common  in  ciTstalliue  locJts  of 
New  England  and  Canada ;  good  crystals  have  been  obtained  in  Delaware  Co.,  Peon.,  eta; 
ohui  in  Califomift;  in  Mass.,  at  Sterling  {ehiiuteUU). 


TTBSOI^m.    BuchoMte.     SiUimanite. 


Monoclinie.  /a  /=  96°  to  98°  in  the  smoothest  crystals  ;  usually  larger, 
the  faces  /  striated,  and  passing  into  *-2.  Cleavage  :  ir\  very  perfect,  bril- 
liant. Crystals  commonly  long  and  slender.  Also  dbmus  or  columnar 
massive,  sometimes  radiating. 
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H.=6-7.  G.=3*2-3'3.  Lustre  vitreous,  approaching  subatlainantine. 
Color  hair-brown,  grayisli-browii,  grayish- white,  grayish-green,  pale  olivo- 
green.     Streak  uncolored.     Transparent  to  transluceut. 

Var. — 1.  SiUirnanite.  In  long,  slender  cryatalB,  passing  into  fibrous,  with  the  fibres  separ- 
able. 2.  FibitAUe.  Fibrous  or  fine  columnar,  firm  and  compact,  sometimes  radiated  ;  gray- 
ish-white to  pale  brown,  and  pale  olive-green  or  greenish-gray.  BuchoUite  and  monrckte  are 
here  included ;  the  latter  is  radiated  columnar,  and  of  the  greenish  color  mentioned. 

Oomp. — ::\:lSiOft,  as  for  andalu8ite=  Silica  30 '9,  alumina  (h]  1  =  100. 

Pyr.,  etc.— Same  as  given  under  andalusite. 

UiifL — DiHtinguiKhod  from  tremolite  by  its  infusibility ;  also  by  its  brilliant  diagonal  cleav- 
age, in  which  and  in  its  specific  gravity  it  differs  from  cyanite. 

Obs. — Occurs  in  gneiss,  mica  schiht,  and  related  metamorphic  rocks.  In  the  FassathnL, 
Tyrol  (fntchofzite) ;  at  Bodcnmais  in  Bavaria,  etc.  In  the  United  States,  at  Worcester.  Afa^ftt. 
Near  Norwich,  Conii.  ;  at  Chester,  near  Saybrook  (niUinuinUe).  In  ^.  York,  in  Monroe, 
Orange  Co.  {mnnroUte),  In  P^/i-n. ,  at  Chest-er  on  the  Delaware;  in  Delaware  Co.,  etc.  In 
Delaware^  at  Brandywine  Springs.     In  ^V.  Carfdina^  with  corundum. 

Fibrolite  was  much  used  for  stone  implements  in  western  Kurooe  in  the  "  Stone  age.*' 

W5ktiiit£,  a  hydrous  fibrolite  ;  W^estanitk  (Sweden)  is  related  in  composition. 


OTANITI].    Kyanite.    Disthcne. 

Tri clinic.  In  flattened  prisms ;  O  rarely  observed.  Crystals  oblong, 
usuallv  very  long  and  blade-like,  (lavage:  i-l  distinct;  i-l  less  so;  O 
imperfect.     Also  coarsely  bladed  (columnar  to  subtibrous. 

H.= 5-7*25,  the  least  on  the  lateral  planes.  G.  =  3*45-3-7.  Lustre  vit- 
reous— pearly.  Color  blue,  white,  blue  alcng  the  centre  of  the  blades  or 
crystals  with  white  margins;  also  gray,  green,  black.  Streak  uncolored. 
Translucent — transparent. 

Var. — The  white  cyanite  is  sometimes  called  Wuvtizite. 

Comp.—AlSiOa= Silica  300,  alumina  0:31 =100,  like  andalusite  and  fibrolite. 

Pyr.,  etc. — Same  as  for  andalusite. 

IHff. — Unlike  the  amphibole  group  of  minerals  in  its  infusibility  ;  occurrence  in  thin-bladed 
prisms  characteristic. 

Obs. — Occurs  principally  in  gneiss  and  mica  slate.  Found  at  St.  Gothard  in  Switzerland ; 
at  Greiner  and  Pfitsch  in  the  Tyrol;  also  in  Styria;  Carinthia ;  Bohemia.  In  Mass, ,  at 
Chesterfield,  etc.  In  Conn,^  at  Litchfield;  at  Oxford.  In  Fi^n7U>n^,  at  Thetford.  InP^rm., 
in  Chester  Co.;  and  Delaware  Co.     In  N.  Carolina. 


TOPAZ. 

Orthorhombic.  /A  7  =  12^°  17',  0  A  U  =  138°  3' ;  c:l:d  =0-90243 
:  1-8920  :  1.  Oa1  =  134°  25',  1  A  1,  macr.,  =  141"  0'.  Crystals  usually 
hemihedral,  the  extremities  being  unlike;  habit  prismatic.  Cleavage: 
basal,  higlily  perfect.     Also  firm  columnar  ;  also  granular,  coai-se  or  line. 

II.=:8.  G.=3-4-3-65.  Lustre  vitreous.  Color  straw-yellow,  wine- 
yellow,  white,  grayish,  greenish,  bluish,  reddish  ;  pale.  Streak  uncolored. 
Transparent — subti-anslucent.      Fracture  subcouclioidal,   uneven.     Pyro- 
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electric.  Optic-axial  plane  i-t ;  divergence  very  variable,  somotimeB  differ- 
ing much  in  different  parts  of  tiie  same  crystal ;  bisectrix  positive,  tionual 
to  O. 


7^ 


TrnmbuU,  Ct 


Schneckflnatoiu. 


=  1  :5  = 


Oomp. — MSiOi,  with  port  of  the  ozjgon  replaced  by  flaorine  (Fi) ;  ratio  of  Fi  : 
SUicon  10-17.  alumianm  2«-58,  oijgen  31-07,  fluorine  20-58=100. 

Pyr^  etc. — B.B,  inluaible.  Some  varietieB  take  a  wine-yellow  ot  pink  tinge  when  heftted. 
Fnoed  in  the  open  tabe  with  utlt  of  phosphorus  gives  tho  reaction  for  fluorine.  With  oobalt 
iolution  the  polTeiiied  mineral  gives  a  fine  btae  on  heating.  Only  partially  attaoked  by  ml- 
pbnric  acid. 

DUt — Diating^aishing  ahaiBct«iH: — hBrdness,  greater  than  that  of  qnartii  infosibili^; 
perfect  basal  deavage.     B.  B.  yields  fluorina. 

Obs.^Tupaz  occurs  in  gneiaa  or  granite,  idtb  toannaUne,  mica,  and  beryl,  oocnsioiially 
with  apSitite,  Quorite,  and  tin  ore  ;  also  in  talcoee  lock,  as  in  Brazil,  with  euclase,  etc.,  or 
in  mica  slate.  Fine  topazes  come  from  the  Urals;  Kamscbatka ;  Brazil;  in  Caimgorm, 
Aberdeenshire ;  at  the  tin  mines  of  Bohemia  and  3aiony.  Physalite  (a  coarse  variety),  ocean 
at  FoBsam,  Norway  ;  also  in  Dnrango,  Mexico :  at  La  Paz,  province  of  Ouanaioato.  In  the 
United  States,  in  Conn.,  at  TrumbnIL  In  N.  Car.,  at  Crowder'a  Mountain.  In  Utah,  in 
Thomas's  Mta. ;  trom  gold  washings  of  Oiegoo. 


BUOIiABB. 

Monocliiiic.     C=  79°  U'=OAi-i,  Ia  1=  US'"  0',  OAl-t  =  146"  45' 
<-:l:d=  1-02948  ;  1-5446  :  1  =  1  :  1-50043  :  0-&7135. 
(Cleavage :  i-i  very  perfect  and  brilliant ;  O,  i-i  much 
loss  distinct.     Foiina  only  in  crystals. 

II.=7-5.  G.  =3-098  (ilaid.)."  Lustre  vitreous,  some- 
what pearly  on  the  cleavage-face.  Colorless,  pale  inoiin- 
tain-grcen,  passing  into  blue  and  whito.  Streak  un- 
oolored.  Transparent;  occasionally  sub  transparent. 
bVauture  condioidal.     Very  brittle. 

Oomp.— Q.  ratio  for  H:  Be;  AI  :  Si=l  :  8  :  8  :  4.forR  :  Si=8  :  3 
(H,=B,  and3R=Al),  formula.  H.Be,A]Si,O,,=Silica41'20,alnmina 
3S-22,  glncina  17-89.  water  6-19=100. 

Pyr.,  etc.— In  tbe  closed  tube,  whan  strongly  ignited,  B.B.  gives  off 
water  (Damonr).     B.B.  in  the  foroeps  cracks  and  whitena,  throws  ont  ^-^x 

points,  and  fose»  at  5 '5  to  a  white  enamel.     Not  aoted  on  by  acidit 

Oba^-OocniB  in  BiaaU,  at  Villa  Bioa ;  in  sonthem  Urml,  near  the  i  ver  Sa:i»rka. 


DSaOBIPnTE  MIN£RAI»OY, 


HATO'LTTB.    Hnmboldtit«. 


Moiioclinic  0=89°  W  =  O  {helov)  A  i-i,  lAl=n5°  3',  Oa1-\  = 
163°  27' ;  c  :  S  :  d  =  0-49695  :  1-5712  :  1.  0A-2'i  =  135°  13',  OM  = 
U9''33',  7a /front  =  115' 3',  2-iA2-i,  ov.  O,  =  115°  21',  t-i  Ail,  ov.  vt, 
=  76°  18',  4-i  A 4-i,  ov.  6>, ^70°  88.  Cleavage:  0  distinct.  Also'botn-- 
oidal  and  globular,  having  a  coluiniiar  structure  ;  kIeo  dLvergent  and  radi- 
ating ;  also  massive,  granular  to  eompact, 


BoigenHUl. 


n.=5-5-5.  G.=2-8-3;  2-989,  Ar«ndal,  Ilaidinper.  Lustre  vitreous, 
rarely  subresinoiis  on  a  surface  of  fracture ;  color  white ;  sometimes  gray- 
ish, pale-ffreen,  yellow,  red,  or  amethystine,  rai-ely  dirty  olive-green  or 
honey-yellow.  Streak  white.  Translucent;  rarely  opaque  white.  Fi-ac- 
tnre  uneven,  subconchoidal.  Urittla  Plane  of  optic-axes  i-i ;  angle  of 
divergence  very  obtuse ;  bisectrix  makes  an  angle  or  i"  with  a  normal  to  i-». 

Vta.—l.  Ordinarjr.     In  oiyitala,  glaa^r  in  aspect     Unud  forma  m  in  Bgnrea.    Z.  Cor^aet 
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manin.  White  opaqae,  broafeaog  with  the  surfkca  of  porcelain  or  Wedijewood  ware.  From 
the  L.  Superior  region.  3.  ButryoidcU  ;  BotryetiU,  Radiated  columnai,  having  a  botrjoidal 
Borfoce,  and  dmtuniiig  more  water  than  the  djBtahi.  The  original  loc^ty  of  lioUi  the  ciya- 
tallizcl  and  botry oidid  wa«  Aiendal,  Norway.  HaytoriU  m  (btolite  altered  to  ahalcedonj, 
fiam  the  Hnytor  Iron  Miae,  Ei^land. 

Comp— Q.  ratio  for  H  :  Ca  :  B  ;  Si=l  :  3  :  8  :  4,  like  euolase:  formnlaH,Cn,Bi8J,0,o= 
SUicai  37-5,  boron trioKide 21-9,  lime 35-0,water5'6=  100.  BottyoliteoontainalO-Mp.c  water. 

Pyx.,  etc. — In  the  dosed  tabegiTesoff  much  water.  B.B.  fuseaatS  with  intumescenoe  to 
a  clear  giasa,  coloring  the  Hams  bright  green.     OelatJuizes  with  hydrochloric  acid. 

J3iS. — DistingniBhuig  ohoraotera  :  glassy  luxtre  ;  usually  complex  crystallization;  B.B, 
fuses  easily  with  a  green  Bome  ;  gelatdniiea  with  amda. 

Obs — Datolite  is  found  in  trappean  rocks ;  also  in  gneiss,  dioryto,  and  serpentine  ;  in  me- 
tallic vuina  ;  sometimeB  also  in  beds  of  iron  ore.  Found  inSootland  ;  atArendal ;  at  AndreaH- 
bei^ ;  at  Buveno  near  Lago  Hoggiore  ;  at  the  Seisaer  Alp,  Tyrol ;  at  Ti^giami  in  Modena,  in 
serpentine.  In  good  apedmens  at  Boaring  Brook,  near  New  Haven ;  also  at  man;  other 
localities  in  the  trap  rodut  of  Connecticut ;  in  2f.  Jeraey,  atBeigen  Hill ;  in  the  Lake  Superior 
region,  and  on  Isle  Boyale.     Santa  Clara,  CaL,  with  garnet  and  vesavianite. 


TITANITB.    Sfhenk. 

Monoclinic.  C=Qiy  IT  =  0  hi-i;  /A/=  113°  31',  OaI-I^ISS" 
39' ;  c:h:d=  0-56586  : 1'3251  : 1.  Cleavage :  /  sometimes  nearly  per- 
fect ;  i-i  and  —1  miicli  less  bo  ;  rarely  (in  greenovite)  3  easj-,  —2  less  bo  ; 
sometiinea  heraimoqjhic.  Twins:  twinning -plane  ii\  usually  jiroducing 
thin  tables  wi til  a  reentering  angle  along  one  side ;  soraetimes  elongated, 
as  in  I.  623.     Sometimes  massive,  compact ;  rarely  lamellar. 


Lederita.  SpinlhSre.         Scbwanensteln. 

H.=5-5-5.     G.=3-4-8-56.     Lustre  adamantine — resinous.    Color  hro\vii, 

gray,  yellow,  green,  and  black.     Streak  white,  elightly  reddish  in  greenovite. 
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Transparent — opaqae.  brittle.  Optic-axial  plane  i-i  ;  bisectrix  positive, 
very  closely  norinal  to  1-i  (x) ;  double  rcfractiun  Btrong ;  axial  diver^uce 
53"-5G°  for  the  rod  rsja,  iG'^o'  for  the  blue  ;  DeeCI. 

Oomp.,  Tar.— Q.  mtio  for  Ca  :  Ti  :  ^i=\  :  2  :  2,  or  making  the  Ti  baalc  (Ti=3E),  B  :  81 
=3:3;  formula  (equivalent  to  RSiO.)  CBTiSiO>=Silica  30111,  titanioozide40-8S,liiiie2S-S7 
=  100. 

YaT.—Onliii.irg.  (a)   Titaititt;  brown  to  black,  tbe  original  being  that  colored,  aIaoop*qiie 

oi  BubtranslaoeDt.  (A)  iSp^tne  [uained  from  ir^v,  nun/^O  ;  of  light  sliadea,  as  fellow,  green- 
Ish,  et«,,  anil  ulten  tcuiujlucent;  the  orijjinol  was  yellow,  iiaiigaitftian  ;  QnenottU.  Bed 
or  rose-coloTcd,  owing  to  the  presence  of  a  little  monganeiie.  In  tbe  ciTstAla  there  ia  a  great 
diverutj  of  form,  ariiiiiDg  fiam  an  elongation  or  not  into  a  prinrii,  and  from  the  ooomrBnoe  ol 
the  elongation  in  the  direction  of  different  diatnet«ra  of  the  fundamental  form. 

Pyr.,  etc.— B.B.  some  Toiietics  change  color,  becoming  yellow,  and  fuse  at  3  with  inta- 
meecence,  to  a  yellow,  brown,  or  black  glass.  With  borai  they  afford  a  clear  yellowish -green 
ghua.  Imperfectly  soluble  in  heated  hydrochloric  acid  -  and  if  the  solntion  be  concentrated 
along  with  tin,  it  becomes  of  a  fine  Tiolet  color.  With  Bait  of  phospborus  in  B.  F.  givei  a 
violet  bead ;  varietieii  containing  much  iron  require  to  be  treated  with  the  flux  on  chanxwl 
with  metallic  tin.     Completely  decomposed  by  Bulpburic  and  fiDobydric  acide. 

Dlff. — The  resinouH  lustre  is  very  characteriatio ;  and  ite  commonly  occaningwedge-Bbaped 
tonn.     B.B.  gives  a  titanium  reaL-tion. 

Oba. — Titonite  occura  in  imbedded  cryatalit,  in  granite,  gneiss,  micaachist,  syenite,  chloiita 
schist,  and  granular  limentone  ;  abiu  in  beds  of  iron  ore,  and  volcHnic  rocks,  and  often  aao- 
oiated  with  pyroxene,  hornblende,  chlorite,  scai>olito,  zircon,  etc.  Found  at  St.  Gothard,  and 
elsewhere  in  tbe  Alps;  in  the  protoj^ne  of  CbDmouoi  i,yif(ite,  l^aus.);  at  Ala,  Piedmont 
{Ugvrile);  at  Arondal,  in  Norway  ;  at  Achmatovsk.  Urals;  at  St.  Mantel  in  Piedmont  C^arft- 
ocitt,  Duf.) ;  at  Schwarzeniit«in,  Tyrol;  in  the  Untersulzbachthal  in  Pinigau  ;  near  Tavi^Ock  ; 
near  Tieniadoc,  in  North  Wales. 

Ooeurs  in  CniuiAit,  at  Granville,  Elmsley.  eta  In  Maitte,  at  Sanford.  In  MoM.t  at  Bol- 
ton ;  at  Pelham.  In  JV.  York,  at  Gouveiheur  ;  at  Diana,  in  dark-brown  crystals  ifaienU) ; 
inOrangeCo.;  near  Edenville  ;  near  Warwick.  In  J^. /enir^,  at  Franklin.  In  i'f  iin. ,  Backa 
Co.,  near  Attleboro'. 

GUABIKiTii.— Same  composition  as  titauite,  but  orthorhombic  (v.  Long  and  Oniscardi)  in 
crystallization.     Color  yellow.     Mt.  Somma. 

EEii.iiAUriK  (Yttrotitanite).— Near  sphene  in  form  and  compoeition,  but  containing  alu- 
mina and  yttria.     Arendol,  Norway. 

TscHKVi'KiNiTE. — Analogous  to  keilhanite  in  oompositjon,  containing,  bendes  titanium, 
also  cerium  iLa,Di).     Occurs  ntassivo.     Umen  Mta. 


BTAUROUTS. 


Orthorhombic.    I^I=  129°  20',  O hl-\  =  124°  40' ;  c:l:(t  =  1-4406 
:  211233  ;  1.     Cleavage :  i-l  distinct,  but  interrupted ;  1  in  traces.     Twins 


cnieiforrn :  twinning-plaue  i-%  (f.  628) ;  }-J  (f.  629) ;  and  H  C^-  63")-    ^'g- 
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631  Ib  a  drilling  according  to  the  last  method  of  twiituing,  aitd  in  f.  G32  both 
methods  are  combined.     See  also 
p.  90  and  1).  98.      Ci}-stals  often 
with    mugh    sui-faces.       Maeeive 
fonns  nnoliBerved. 

ir.=7-7-5.  G.=3-4-3-8.  Siib- 
viti'euiis,  inulinin?  to  reeinoue. 
Ci^loi-  dark  reddish -brfiwu  to 
bivwnifili-black,  and  jellowish- 
bn^wii.  Streak  Huw»loi-ed  to 
gra3-ish.  TraiisUicent — nearly  or 
quite  opaque,  Fracturecoiichoidal. 

Oomp.,  V«r.— Q.  »tio,  according  to  ItammclabeiK,  f ot  B  :  R  :  Si=2  :  6  :  C  (whore  E  in  Fa 
and  Mg.  and  also  moluiles  II,,  with  H,  ;  R:^l  :  3).  Formula  H,K,:^l,Hi,0.,  {U  Mg  :  Fe=l  :  a) 
=  Silica  liO'ST,  alumina  5102,  iron  protoxide  1300,  magnnsia  2  58,  water  I '53  =  100.  The 
irou  wag  Qnt  tftkea  as  FeOi,  but  Mitschcrlicb  showed  that  it  waa  really  FeO.  SCaurolite 
often  includes  irapuritiea,  espeuiall;  free  quartz,  as  first  ehowu  bj'  Lechortier,  and  since  then 
hy  Fischer,  Lsaauli,  and  RammeUbcig.  This  is  the  cause  of  the  vaiiation  in  the  amount  ot 
silica  appearing  in  moat  anal3'ses,  there  being  sometimes  as  much  as  QO  p.  o. 

Pyr,,  etc. — B,B.  infusible,  excepting  the  magnesion  variGt;,  wblcb  fuses  easil;  to  a  black 
magnetic  glass.  With  the  tluies  gives  reactions  for  iron,  and  sometimes  for  manganese. 
IiDperCoctlf  decomposed  bj  sulphuric  acid. 

DIS. — Alwaj's  in  crystalB ;  the  prisms  obtuse,  having  an  angle  of  120°. 

Obs.^UBuall7  found  in  mica  schist,  oigillaoeous  schiijt,  and  gneiss  ;  often  associated  with 
garnet,  cyanite,  and  tourmaline.  Occuib  with  cyanite  in  paragonite  schist,  at  Mt  Campione, 
Switzerland  ;  at  the  Oreiner  mountain,  and  elsewhere  in  tho  Tyrol ;  in  Brittany  ;  in  Ireland. 
Abundant  throughout  the  mica  slate  of  Kew  England,  In  Maine,  at  Windbnra,  and  elsewhere. 
In  ^Viiss.,  at  Chesterfield,  etc.     la  Penn.     In  Georgia,  at  Canton  ;  and  iu  Fannin  Co. 

ScnoitLOMiTK. — Q,  ratio  for  Ca+Fe+Ti  :  Si=2  ;  1,  nearly.  Analysis  by  Itamm.,  Arkan- 
eaa,  SiO,  20-09,  TiO,  21  84,  Fed  20-11,  PeO  157,  CaO  20-3d,  MgO  l;W=90'85,  Golotblaok. 
B'racture  conchoidaL    Uaguet  Cove,  Arkansas ;  EaiiierBtuhlgebirge  in  lireii^au. 


HYDROTIS    SILICATES. 

L  Genebal  Section.     A.  Bisilicates. 
PBOTOUTB. 

Monoclinic,  isomoi'phons  with  wollastonite,  Greg.  Cleavage :  i-i  (orthod.) 
perfect.  Twins :  twiniiing-plane  i-i.  Usually  in  close  aggregations  of  aci- 
ciilar  crystals.     Fibrons  massive,  radiated  tu  stellate. 

ll.=5.  G.=2'68-2-78.  Lustre  of  the  surface  of  fracture  silky  or  sub- 
vitreoiis.  Color  wliitish  or  grayish.  Subtranslnceiit  to  opaque.  Tough. 
For  Uei^n  mineral  optic-axial  plane  parallel  to  orthod  iagonal,  and  very 
nearly  normal  to  i4 ;  acute  bisectrix  positive,  parallel  tu  orthod  iagonal,  and 
obtuse  bisectrix  nearly  nonnal  to  cleavage- plane  or  i-i ;  axial  angle  iu  oil, 
through  cleavage-plates,  HS^-HS";  DesCl. 

Tar.— Almost  always  columnar  or  flbrona,  and  divets^at,  the  fibres  often  2  or  3  inches  long, 
and  Bomstimea,  as  la  Ayrshire,  Scotland,  a  yard.  Baaemblca  in  aspect  fibrons  varieties  U 
natrolite,  okenite,  thomaonite,  tremolite,  uid  wolIaBtonite. 
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Oomp.— Q.  ratio  for  H  :  Na  :  Ca  :  Si=l  :  1  :  4  :  12,  and  for  R  :  Si  (where  R  indades  Ca, 
and  H9.Na,)=l  :  2,  like  wollasconite;  hence  formula  HNaCa,Si,0»= Silica  54*2,  lime  38*8, 
Boda  9'*3f  water  2*7=100.  If  the  H  does  not  belong  with  the  bases,  then  the  formula  may  be 
(Ramm.)  Na4Ca4Si«On+aq. 

P3rr.,  etc. — In  the  closed  tube  jieldii  water.  B.B.  fuses  at  2  to  a  white  enamel  QeUk- 
tinizes  with  hydrochloric  acid.     Often  gives  out  a  light  when  broken  m  the  dark. 

Obs. — Occurs  mostly  in  trap  and  related  rocka,  in  caTities  or  seams ;  occasionally  in  meta- 
morphio  rocks.  Found  in  Scotland,  near  Edinburgh;  in  Aynhire;  and  at  Taliyer,  etc.,  L 
Skye ;  at  Mt.  Baldo  and  Mt  Monzoni  in  the  Tyrol ;  in  Wermland ;  at  Bergen  Hill,  N.  J. ; 
compact  at  Isle  Royale,  L.  Superior. 


LAUMONTITE.    Caporcianite. 


Monoclinic. 

033 


a  = 


C=68^40',  /A  7=86°  16',  (>  Al-i  =  151°  9' ;  c:b 
0*516  :  0-8727  :  1.  Prism  with  very  oblique  terminal  plaue 
2-i,  the  most  common  form.  Cleavage :  i-i  and  /perfect; 
i-i  imi>erfect.  Twins:  twinning-plane  e-i.  Also  columnar, 
radiating  or  divergent. 

II. =3 -5-4.  G.=2-25-2-36.  Lustre  vitreous,  inclining 
to  pearly  up<^)n  the  faces  of  cleavage.  Color  white,  passing 
into  yellow  or  gray,  sometimes  red.  Streak  uncolored. 
Tran8i)arent — ti-anfiluccnt ;  becoming  opaque  and  usually 
pulverulent  on  exi)08iire.  Fracture  scarcely  observable, 
uneven.  Not  very  brittle.  Double  refraction  weak ;  optic- 
axial  plane  i-i;  divergence  52°  24r'  for  the  red  rays;  bisec- 
trix negative,  making  an  angle  of  20°  to  25°  with  a  normal 
tc  i-i ;  JDesCl. 

Oomp.--Q.  ratio  for  R  :  ft  :  81  :  H-l  -.3:8:4;  and  R  :  Si=l  :  2  (3R=ft).  R=Ca,  ft 
=  A1,  and  the  formula  is  hence  CaAlSi40ia+4aq= Silica  500,  alumina  21*8,  lime  11*9,  water 
163  =  100. 

Pyr.,  etc. — Loses  part  of  its  water  over  sulphuric  acid,  but  a  red  heat  is  needed  to  drive 
off  all.  B.B.  swells  up  and  fusoH  at  2*7-3  to  a  white  enamel.  Gelatinizes  with  hydrochloric 
acid. 

Obf . — Laumontite  occurs  in  the  cavities  of  trap  or  amy^aloid ;  also  in  porphyry  and  sye- 
nite, and  occasionally  in  veins  traversing  clay  slate  with  caloite.  Its  principal  localitiee  are 
at  the  Fari)e  Islands  ;  Disko  in  Greenland  ;  in  Bohemia,  at  Eule  ;  St.  Gothard  in  Switzer- 
land :  the  Fassathal ;  the  Kilpatrick  hills,  near  Glangow.  Nova  Scotia  affords  fine  specimens ; 
also  Lake  Superior,  in  the  copper  region,  and  on  I.  Royale ;  also  Bergen  Hill,  N.  J. 

Okknitk. — Formula  HiCaSijOa+aq,  having  half  the  water  basic = Silica  56*6,  lime  26*4, 
water  17 '0=1 00.     Commonly  fibrous.     Color  white,    Faroe  Is.;  Disco,  Greenland;  Iceland. 

Gykoi.itk. — Occurs  in  radiated  concretions  at  the  Isle  of  Skye;  Nova  Scotia.  Formula 
perhaps  IlvtCaaSisOo+aq.  Central LASsriE.  Related  to  okenite,  but  contains  1  molecule 
more  water.     In  trap  of  Nova  Scotia.* 


OHRTSOCOLLA.    Eieselkupfer,  Oerm, 

CryptocnTstalline ;  often  opal-like  or  enamel-like  in  texture;  earthy. 
Iiicrusting,  (»r  filling  seams.     Sometimes  botryoidal. 

Il.  =  2--4.  (.T.=2-2'23S.  Lustre  vitreous,  shining,  earthy.  Color  moun- 
tain-green, bluish-green,  passing  into  sky-blue  and  turquois-blue ;  brown  to 
blaek  when  impui'e.  Streak,  when  pure,  white.  Translucent — opaque. 
Fmcture  conchoidal.     Rather  sectile ;  translucent  varieties  brittle. 
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Oomp> — Compodtion  varies  mnoh  throiigh  impurities,  sa  with  other  amorphous  Bubfltances, 
tesoltiiig'  from  altention.  As  the  allioa  has  been  derived  from  the  deoonpoeitian  of  other 
silicates,  it  is  QMnral  Chat  an  azoess  should  appear  in  man;  Biu];ses.  True  chi^socoita  cor- 
reaponds  to  the  Q.  ratio  for  Cq  :  Si  :  H,  1:2:  2=CuSiOt+2aq= Silica  34-2,  uoppei  o\ide 
«-3,  wat^r  20-5  =  100.  But  some  aaalyseB  afford  I  :  2  :  3,  and  1  ;  2  :  4.  Impure  oh ryBocolIa 
tna;  contain,  besidaa  free  silica,  various  other  impurities,  the  cxilor  varying  from  bloiiih-greea 
to  brown  and  blsck,  the  latt  eepeciallj-  when  mangonese  or  copper  is  preHent. 

Pyx,  oto — In  the  olosod  tube  blackens  and  jielda  water.  B,B.  decrepitates,  colors  the 
flame  emerald- (^oen,  but  is  infusible.  With  the  flmea  gives  the  reactiomi  for  copper.  With 
coda  and  chacooal  a  globule  of  metallio  copper.    Decomposed  by  acids  without  gelatiniiation. 

Diff. — Color  more  blnidi^ieea  than  that  of  malachite,  and  it  does  not  effervesce  with 

Obs, — Accompanies  other  copper  ores,  occurring  especially  in  the  upper  part  of  veins. 
Found  in  most  oopper  mines  in  Cornwall ;  at  Libethen  in  Hungary ;  at  Falkeosteln  and 
Scbwatz  in  the  Tyrol;  in  Siberia;  the  Bannat;  Tbnringia;  Schneeberg.  Snxony ;  Kupfer- 
berg,  Bavaria;  Soutli  Australia;  Chili,  etc.  In  SomarvilleandSchuyler'amines,  New  Jersey; 
at  Morgontown,  Pa.  ;  at  Cornwall,  Lebanon  Co.  ;  fiova  Scotia,  at  the  Basin  of  Minea;  aLM 
In  Wiscongin  and  Michigan. 

DiiuIDorprtB ;  CrAHoCEALCITE ;  Bcbanite;  near  chrysocoUa. 

Cataplriitb.— Analysis  (Bamm.),  SIO,  30-78,  ZiO,  40-12,  CaO  SK.  Na,0  7-59,  H,09-34 
=100-18.     HeugtmoL     Color  yellowish-brown,     Lamoe,  neaiBrevig,  Norway. 


B.  TJNISILICATES. 
OAtAMINB.    Qalmei;  Eieselxinken,  Ofrm. 

Ortliorhombic ;   hemimorphic-hemilicdml.     /a/ =104°  13',  OAl-t  = 
148"  31',  Danbar;  6  :  l :  d  =  0  ei2i  :  12850  :  1.     Cleav- 
age:  /,  perfect;  O,  in  tracea.     Also  atalactitiw,  inainini!-  ^^ 
lated,  botrj-oidal,  and  fibrous  forms;   also   massive  and 
granular. 

lI.=4-5-5,  the  latter  when  crystallized.  G.=3-16-3-9. 
Lustre  vitreous,  0  subpearly,  soiiietiines  adamantine.  Color 
white;  sometimes  withadcliuate  bluish  or  greenish  shade; 
also  yellowish  to  bTOwn.  Sti-eak  white.  Transparent — 
translucent.     Fracture  uneven.     Brittle.     Pjroclectric. 

Comp.— Q.  ratio  for  R  :  Si  :  H=l  :  1  :  J ;  Zti,SiOt+Bq  =  Silica  25  0, 

zinc  oiide  fl7-5,  water  7-3  =  100. 

Fyr.,  etc. — In  the  olosed  tube  decrepitates,  whitens,  and  gives  off 
water.  B.B.  oLmott  infusible  (F.=tt) ;  moistened  with  cobalt  solution 
givca  a  green  color  when  heated.  On  charcoal  with  soda  gives  a  coating  which  is  yellow  while 
hot.  and  ivhjte  on  cooling.  Moistened  with  cobalt  solution,  and  heated  in  0,F.,  this  coaling 
assumes  a  bright  green  color.  Gelatinizes  with  acids  even  when  previously  ignited.  Deoom- 
poeod  by  acetic  acid  with  gelatiniiation.     Soluble  in  a  strong  solution  of  caustic  potaHh. 

Dtff. — D'stiuguishing  oharaoters :   gelatiniiing  with  acids  ;   infuaibility  ;  reaction  for  zino. 

Obs.— Calamine  and  smitliBoiiite  are  usually  found  sssocinted  in  veins  or  beds  in  strati&ed 
calcareous  rocks  accompanying  blende,  ores  of  iron,  and  lead,  aa  at  Aix  la  Chapelle ;  Bleibenc 
in  Carinthin  ;  Betzbanya ;  S<£emniti.  At  Boughten  Qill  in  Cumberland;  at  Alston  Moor; 
near  Matlock  in  Derbyshire ;  at  Costleton  ;  Leadhilis,  Scotland. 

In  the  United  States  ccours  with  smithsonite  in  Jefferson  county,  Hissouri.  At  Stilling 
Hill,  N.  J.  In  Pennsylvania,  at  the  Ferkiomen  and  Pbenixville  lead  mines;  at  Bethlehem; 
at  Friedengville.    Abondont  in  Virginia,  at  Austin's  mines. 
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Orthorhombic.  7  A  /=  99°  50',  Oa1-1  =  146^  11  J' ;  c:b:d=:  0-66963 
:  1-19035  :  1.  Cleavage  :  basal,  distinct.  Tabular  crystals  often  united  by 
6>,  making  broken  forms,  often  barrel-shaped.  Usually  reniform,  globular, 
and  stalactitic  with  a  crystalline  surface.  Structure  imperfectly  columuar 
or  lamellar,  stwngly  coherent ;  also  compact  granular  or  impalpable. 

lI.=:6-6*5.  6.=2'8-2'953.  Lustre  vitreous;  0  weak  pearly.  Color 
light  green,  oil-green,  passing  into  white  and  gray  ;  often  fading  on  expo- 
sure. Subtranspareut — translucent ;  streak  uncolored.  Fracture  uneven. 
Somewhat  brittle. 

Oomp. — Q.  ratio  for  R  :  R  :  Si  :  H— 2  :  3  :  6  :  1,  whence,  if  the  water  is  basic,  for  bams 
and  siUcon,  1:1;  formula  HjCajAilSiaOia  or  CajrVlSiaOn+aqzrSUica  43*6,  alumina  24-9, 
Ume  271,  water  4-4=100. 

Pyr.,  etc. — In  the  closed  tube  yields  water.  B.B.  fuses  at  2  with  intumescence  to  a  blebby 
enamel-like  glass.  Decomposed  by  hydrochloric  acid  without  gelatinizing.  t'ouphoUte^  which 
often  contains  dust  or  vegetable  matter,  blackens  and  emits  a  burnt  odor. 

Diff. — B.B.  fuses  readily,  unlike  beryl  and  chalcedony.  Its  hardness  is  greater  than  that  of 
the  zeolites. 

Obs. — Occurs  in  granite,  gneiss,  syenite,  dioryte,  and  trappean  rocks  especially  the  last. 
At  Bourg  d'Oisans  in  Ist^re ;  in  the  Fassathal,  Tyrol ;  Ala  in  Piedmont ;  Joachimsthal  in 
Bohemia  ;  near  Andreasberg ;  Arendal,  Norway ;  .^elfors  in  Sweden ;  in  Dumbarton^ire ; 
in  Renfrewshire. 

In  the  United  States,  in  Connecticut ;  Bergen  HiU,  K.  J. ;  on  north  shore  of  Lake  Superior ; 
inlftf^  veius  in  the  Lake  Superior  copper  region. 

UHLOKASTiioiiiTE  and  ZoNOCJiLORiTR  from  Lake  Superior  are  mixtures,  as  shown  by 
Hawes. 

ViLLARSiTE. — Probably  an  altered  chrysoUte.  Formula  RaSi04+iaq  (or  H<l)  R=Mg  :  Fe 
=11  :  1.     TraverseUa. 

Cerite,  Sweden,  and  Tritomite,  Norway,  contain  cerium,  lanthanum,  and  didymium. 
TnoRiTE  and  Orangite  contain  thorium      Norway. 

Paratjiorite. — In  minute  orthorhombic  crj'stals,  imbedded  in  danburite  at  Danbury,  Ct. 
Chemical  nature  unknown. 

Pyrosmalite.— Analysis  by  Ludwig.  SiOa  34G6,  FeO  27^)5,  MnO  25*60,  CaO  0*52,  MgO 
0-93,  HaO  8-31,  CI  4-88=  101-85.  In  hexagonal  tables.  Color  blackish-green.  Nya-Koppar- 
berg,  etc. ,  Sweden. 


Tetragonal.     O  A  14  =  128°  38';  c  =  1-2515. 
635  637  638 


Crystals  sometimes  nearly 
cvlindrieal  or  barrel- 
shaped.  Twins :  twin- 
ning-plane  the  octahe- 
dron 1.  Cleavage :  O 
highly  perfect;  /  less 
so.  Also  massive  and 
lamellar. 

II. =4-5-5.  G.=2-3- 
2*4.  Lustre  of  O  pearly ; 
of  the  other  faces  vitre- 
ous. Color  white,  or 
grayish ;  occasionally 
with  a  greenish,  yellow- 
ish, or  rose-red  tint,  flesh- 


red.    Streak  uncolored.    Transparent  j  rarely  opaque.    Brittle. 
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Comp. — Q.  ratio  f or  R  :  Si  :  H  nsually  taken  as  1  :  4  :  2,  part  of  the  oxygen  replaced  by 
flaorine  (Fa).  According  to  RammelBberg  the  ratio  is  9  :  82  :  10 ;  he  writes  the  formula 
4(H2CaSi208+aq)+KF.  This  requires:  Silica  52 -97,  lime  24*72,  potash  5  20,  water  1590, 
lluorine  2'10=100'89.  It  maybe  taken  as  a  unisilicate  if  part  of  the  silica  is  considered 
accessory. 

Pyr.,  etc. — In  the  closed  tube  exfoliates,  whitens,  and  yields  water,  which  reacts  acid.  In 
the  open  tube,  when  fused  with  salt  of  phosphorus,  gives  a  fluorine  reaction.  B.B.  exfoliates, 
colors  the  flame  violet  (potash),  and  fuses  to  a  white  vesicular  enamel  F.=1'5.  Decom- 
posed by  hydrochloric  acid,  with  separation  of  slimy  silica. 

Diff. — Distinguishing  characters  :  its  occurrence  in  square  prisms  ;  its  perfect  basal  cleav- 
age, and  pearly  lustre  on  the  base. 

Obs. — Occurs  commonly  in  amygdaloid  and  related  rocks,  with  various  zeolites  ;  also  occa- 
sionally in  cavities  in  granite,  gneiss,  etc.  Greenland,  Iceland,  the  Faroe  Islands,  Andreas- 
berg,  Poonah  and  Ahmednuggar  in  Hindostan,  afford  fine  specimens.  In  America,  found  in 
Nova  Scotia  ;  Bergen  Hill,  N.  J.;  the  Cliff  mine,  Lake  Superior  region. 

CiiALCOMORPHrrE  (v.  Rath)^  from  limestone  inclosures  in  the  lava  of  Niedermend  g. 
Hexagonal.     Essentially  an  hydrous  calcium  silicate. 

EDINGTONITE.-Analysis  by  Heddle,  SiO,  30-98,  AID,  2203,  BaO  20-84,  CaO  tr,  Na^O  tr., 
HaO  12  40=98-91.     Tetragonal.     Dumbarton,  Scotland. 

GiSMONDiTB.— Analysis,  Marignac,  SiO,  35-38,  AlO,  27*23,  CaO  13*12,  K,02-85,  H,O21*10 
=  100-18.     Capo  di  Bove,  near  Rome  ;  Baumgarten,  near  Giessen,  etc. 

Carpholite.— In  radiated  tufts  in  the  tin  mines  of  Schlackenwald ;  Wippra  in  the  Harz. 
Bases  mostly  in  sesquioxide  state  (:\:l,Mn,Fe). 


SUBSILICATES. 


ALLOPHANS. 


Amorphous.  In  incrustations,  usually  thin,  with  a  mammillary  surface, 
and  hyalite-like  ;  sometimes  stalactitic.     Occasionally  almost  pulverulent. 

I[.=3.  G.=l-85-l'89.  Lustre  vitreous  to  subresinous ;  bright  and 
waxy  internally.  Color  pale  sky-blue,  sometimes  greenish  to  deej)  green, 
brown,  yellow,  or  colorless.  Streak  uncolored.  Translucent.  Fracture 
imperfectly  conchoidal  and  shining,  to  earthy.     Very  brittle. 

Oomp.— Q.  ratio  for  Al :  Si  :  H,  mo8tly=3  :  3  :  6  (or  5) ;  AlSi06-h6aq,  or  ^^SiOft-hSaqrr 
SUica  23*75,  alumina  40*62,  water  35*63=100.  PinmbaUophane,  from  Sardinia,  contains  a 
little  lead. 

The  coloring  matter  of  the  blue  variety  is  due  to  traces  of  chrysocoUa,  the  g^een  to  mala- 
chite, and  that  of  the  yellowish  and  brown  to  iron. 

P3rr.|  etc. — Yields  much  water  in  the  closed  tube.  B.B.  crumbles,  but  is  infusible.  Gives 
a  blue  color  with  cobalt  solution.     Gelatinizes  with  hydrochloric  acid. 

Obs. — AUophane  is  regarded  as  a  result  of  the  decompositioa  of  some  aluminous  silicate 
(feldspar,  etc.) ;  and  it  often  occurs  incrusting  fissures  or  cavities  in  mines,  espeeiaUy  those 
of  copper  and  limonite,  and  even  in  beds  of  co^  Found  at  Schneeberg  in  Saxony  ;  at  Gers- 
bach  ;  at  the  Ohessy  copper  mine,  near  Lyons;  near  Woolwich,  in  Kent,  England.  In  the 
U.  S.  it  occurs  at  Richmond,  Mass. ;  at  the  Friedensville  zinc  mines.  Pa. ,  etc. 

CoLLYRiTE. — A  hydrous  silicate  of  aluminum.  Clay-like  in  structure,  white.  Hove, 
England;  Schemnitz. 

Uranophanb,  from  Silesia,  and  Uranotilb  ,  from  Wolsendorf,  Bavaria,  are  silioates  con- 
taining uranium. 
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II.  Zeolite  Section. 


Orthorhombic. 


^OMSONITB.    Comptonite. 

/A  7=90°  40';  6>  A  l-l  =  144°  9' ;  c  :  I :  d  =07225  : 
1*0117  :  1.  Cleavage:  i-i  easily  obtained  ;  i-i  less  so  ; 
O  in  traces.  Twins:  cruciform,  having  the  vertical 
axis  in  common.  Also  columnar,  structure  radiated  ; 
in  radiated  spherical  concretions;  also  amorphous  and 
comj)act. 

H.=5-5-5.  G.=2-3-2-4.  Viti'eous,  more  or  less 
pearly.  Snow-white ;  impure  varieties  brown.  Streak 
nncolored.  Transparent — translucent  Fracture  uneven. 
Brittle.  Pyroelectric.  Double  refraction  weak  ;  optic- 
axial  plane  parallel  to  O;  bisectrix  positive,  normal 
to  i'l ;  divergence  82°-82i°  for  red  rays,  from  Dumbarton ;  DesCl. 

Var. — Ordinary/,  (a)  In  reguliir  crystals,  usuaUy  more  or  less  rectangular  in  outline.  (A) 
In  slender  prisms,  often  vesioular  to  radiated,  {e)  Radiated  fibrous,  {d)  Spherical  oonore- 
tions,  conHJfiting  of  radiated  fibres  or  slender  crystals,  (e)  Massive,  granular  to  impalpable, 
and  white  to  radish-brown.     Ozarkite  is  massive  thomsonite ;  rnuite  (Norway)  is  related. 

Oomp.— Q.  ratio  for  R(=Ca,Naa)  :  R(A1)  ;  Si  :  H=l  :  8  ;  4  :  2i,  Ca  :  Na,=2  ;  1,  or  3  :  1  ; 
formula  2(Ca,Na8)iVlSi30t)-f  5aq.  Analysis,  Rammelsberg,  Dumbarton,  SiOa  38*09,  :fi:\0% 
81-62,  CaO  1200,  Na^O  4*62,  HaO  13-40=100-20. 

Pyr.,  etc. — At  a  red  heat  loses  18*3  p.  c.  of  water,  and  the  mineral  becomes  fused  to  a 
white  enamel.  B.  B.  fuses  with  intumescence  at  2  to  a  white  enamel.  (Gelatinizes  with 
hydrochloric  acid. 

Obs. — Found  in  cavities  in  lava  and  other  igneous  rocks  ;  and  also  in  some  metamorphio 
rodcB,  with  elasolite.  Occurs  near  Kilpatrick,  Scotland  ;  in  the  lavas  of  Somma  (coniptoniU) ; 
in  Bohemia ;  in  Sicily  ;  in  Faroe  ;  the  Tyrol,  at  Theiss ;  at  Monzoni,  Fassathal ;  at  Peter*8 
Point,  Nova  Scotia  ;  at  Magnet  Cove,  Arkansas  {(xarkUe), 


Orthorhombic. 


640 


NATROIilTI].    Mesotype.    Nadelzeolith,  Ocrm, 

7a/=91°,  6^Al-t  =  144°  23';  c  :?:  e?  =  0-35825  : 
1*0176  :  1.  Crystals  usually  slender,  often  acicular  ;  fi-e- 
quently  interlacing  ;  divergent,  or  stellate.  Also  fibrous, 
radiating,  massive,  granular,  or  compact. 

H.=:5-5'5.  G.=2-17-2-25 ;  2249,  Bergen  Ilill, 
Brush.  Lustre  vitreous,  sometimes  inclining  to  pearly, 
especially  in  fibrous  varieties.  Color  white,  or  colorless ; 
also  grayish,  yellowish,  reddish  to  red.  Sti-eak  nncolored. 
Transparent — translucent.  Double  refraction  weak  ;  op- 
tic-axial plane  i-^;  bisectrix  positive,  parallel  to  edge 
///;  axial  divergence  94*'-96  ,  red  rays,  for  Auvergne 
crystals ;  95°  12'  for  brevicite ;  DesCl. 

Oomp — Q.  ratio  for  R  :  R  :  Si  :  H=l  :  3  :  6  :  2;  and  f or  R  :  8i=: 
2  :  3(R=Naa,8R=R) ;  formula  NaaAlSi,0i«+2aq=SiUca  47*29,  alumina  2090,  soda  16*30, 
water  9*45=100. 

P3rr.,  etc.— In  the  dosed  tube  loses  water,  whitens  and  becomes  opaque.  B.B.  fuses  quit  tly 
at  2  to  a  colorless  glass.  Fusible  in  the  flame  of  an  ordinary  stearine  or  wax  candle.  Gela- 
tinizes with  acids. 
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out — SSme  varieties  resemble  pectolite,  thomBontte,  bat  distuigtiiBhed  B.B. 

ObB. — Occam  in  cavities  in  amjgdaloidiU  trap,  basalt,  and  other  igneoos  rocks ;  and  Home- 
times  in  Henmn  in  granite,  ^eiss,  and  syenite.  It  is  fonnd  in  Bohemia  ;  in  Auycq(i>e  ;  Fassa- 
thal,  Tyrol ;  Kapnik  ;  at  Ulen  Farg  in  Fifeshtre ;  in  Dumbutonshire.  In  North  America, 
occurs  in  t^e  trap  of  Nova  Scotia ;  at  Bergea  Hill,  N.  J. ;  at  Copper  Falls,  Lake  Superior. 


SCOLBOTTB.    Poonahlite. 

Monoeliiiic.     C=  89"  6, /a /=  91"  36',  t>A  1-i  =  161°  IC}' 
=  0-3iS5  :  ]*0282  : 1.     Crystals  l<nig  or  short  prisiiiB,  or 
aciculiir,  rarely  well  terminated,  and  always  compound. 
Twins;  twiniiiiig-plane»-i.     Cleavage:  /nearly perfect. 
Also  ill  nodules  or  massive ;  fibrouB  and  radiated. 

II,=5-5'5.  G.=:216-2i.  Lustre  vitreous,  or  silky 
when  iibiims.  Tmnsparent  to  eubtranslucent.  Pyn)- 
electric,  the  free  end  of  the  crystals  ttie  antilogue  ]>ole 
Double  i-efractiou  w^eak ;  optic-axial  plane  normal  toi  t, 
divergence  53°  41',  for  the  red  rays ;  bisectrix  ncgatne, 
parallel  to  i-i ;  plane  of  the  axis  of  tlie  red  rays  and  the  i 
bisectrix  inclined  about  17'  S'  to  i-i.  and  93"  3  to  1  * 


13-76=100. 

Pjt-,  etc. — B.B.  sometimes  curls  up  like  a  worm  Ivrhenoe  the  name  from  (riru\T)(  n  uv>rn), 
which  gives  teoUeilt,  and  not  teolaiile  or  scoksift) ;  other  vanetieB  atumcoe  but  slightly,  and 
all  fuse  at  3-3*3  to  a  white  blebbj  enamel.     Gelatinizes  with  acida  like  natrolite. 

Dift— C'haracterized  by  its  pyrognoatics. 

Oba — Occuis  in  the  BemBord,  Iceland ;  atm  at  Staffa  ;  in  Skye,  at  Talisker ;  near  Poonah, 
Hindostan  (I'ooltaMU)  ■.  in  Greenland  ;  at  Par)(an.  Finland,  etc. 

Meboi.ite.— (Ca,Na,)A18i30ni  +  yaq(5p,o.Na,0).    Keat tcolecite.    Iceland;  NovaScotia. 

Lettnite.— BhombohedriL  Q.  ratio  fotB  :  H  :  Si  :  H=l  :  3  :  «  :  4.  Analysis.  Damouc, 
Icehmd,  SiO,  45-78,  AlO.  83-56,  CaO  1057,  Na,0  I'M,  K,0  IM,  H,0  17-33=100'23.  Ire- 
land ;  Faroe  ;  loeWd. 


AH&LOITEt. 

Isometric (i) .  Usually  in  trapezohedrons  (f.  54,  p.  IS),  Cleavage; 
cubic,  in  traces.     Also  massive  granular, 

II.=5 -5-5.  G.=2-22-2-29  ;  2-278,  Thomson.  Lustre  vitreous.  Color- 
less; white;  occasionally  grayish,  greenish,  yollowifih,  or  reddish-white. 
Streak  white.  Transparent — nearly  opaque.  Fracture  subcoiichoidal, 
uneven.     Brittle. 

Oomp.— Q.  ratio  for  It :  It  :  Si  ;  H  =  1  :  S  :  8  :  2,  R=Na„  It— Al=3a ;  R  :  Si— 1  :  3.  For- 
mula Na,A:l»i.0„+3«q=SUica  5447,  ttlumina  38-30,  soda  U" 07,  water  a-17  =  !00. 

Pyr.,  ata.— Yields  water  in  the  closed  tube.  B.B.  fnsesat  3-5  to  a  colorless  glass.  Gelati- 
nizes with  hydrocblorio  acid. 

JMfif. — Distinguishing  ohamcters  :  crystallitio  form  ;  absence  of  cleavage  ;  fosion  B.B.  (ri(A- 
irut  littnmescence  to  a.  clear  glass  (unlike  cbabniitej. 

Obs.— Some  looalities  ate  :  tiie  Tyrol ;  the  Kil|>atrick  Hills  in  ScoUand ;  the  Faroe  Islands ; 
Iceland ;  Aussig,  Bohemia ;  Nova  Scotia  ;  liergen  HUl,  Sew  Jersey ;  the  Lake  Superior 
region. 

Schranf  haa  found  that  the  analcite  of  Friedeck.  Bobeaua,  ii  properly  tetmgpnoi;  the 
simplest  oryatala  showing  evidenoe  of  repeated  twinniuff. 
21 
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EddkoPUITR.     Near  analcite.     la  syenite  neur  Rrevig.  Norway. 

PtLlKlTB.  —Id  slender  DeedleH  (onhorbombio) ;  white  ;  lustre  rilkj.     Aiulygu  SiOi  55'70, 
AlO,(Fe0,)  18-04,  CaO  19.fll,  Li,0  [118i,  HiO  4B7=100.     In  gianite  of  Strieg«u,  HUen* 


OHABAZTTE. 

Khombohedral.  S Ml  =  W -id' ,  O A _R  ~  129°  i:>' ;  c  =  IOC.  Twins : 
twiniiin^plaiie  0,  very  coinnion,  and  iisiiiillv  in  conipunnd  twiuB,  aa  in 
f,  644  ;  also  H,  rare.     Cleavage  rhombuliodi-al,  rather  distinct. 


Hayilcuite. 


II.=4^5.  G.=:2-08-2-l!).  Lustre  vitreous.  Color  white,  flesli-red ; 
streak  uiicolored.  Transparent — translucent.  Fracture  uneven.  Brittle. 
Double  refraction  weak  ;  in  i»olanzed  light,  imascs  rather  confused ;  axis 

in  some  crvstals  (Buheuua)  ncgativt,  in  others  (from  Andreasberg)  posi- 
tive ;  UcsOl. 

Var. — 1.  Onlinnr}/.  The  most  common  fonn  in  the  fnndnmeatal  thombohedron,  in  wMch 
the  angle  is  so  iiear  SO"  that  the  crystntH  were  nt  first  mUtakeu  for  cuben.  Ae'iMiUtu,  from 
rfova  Kcotia  {Aeiiiiiii  of  the  French  of  laitt  ceutui}').  is  unlj'  a,  rcddiiih  chalvaiite  ;  soinetimea 
nearly  colorlcFu.  In  some  upeciuipna  the  coloring  matter  ie  arranged  in  a  Uwselated  manner, 
or  in  Inj'cn,  with  the  angles  almost  cotorliiMi.  'i.  I'kiii-iAilr.  ii  a  coloitesa  variety  occurring  in 
twins  of  tnoHtJy  a  hoxogonal  form,  ami  often  much  modified  so  oa  to  be  lenliciilar  in  alupe 
(whence  the  nnme,  from  aaxit,  a  btuii) ;  the  oriipnal  was  from  Leipa  in  Bohemia;  R,\R 
=M'  24,  fr  Uberstein,  Breith. 

Oamp.—Making  part  of  the  water  ba)<ic  (at  !tOO'  C.  Ingpa  17-10  p.  c)  linmmelxberg  writea 
thefonnnla(H,K),CaAISi.O,,  +  a.i.  where  the  Q.  ratio  tor  it  :  «  ;  Si-3  :  3  :  10,  R^H-.Na., 
Ga;  or  (:jlt=^),  R:  Si=l  :  i.  The  [urmnla  conuxiiondH  to  Silica  SOSO,  alumina  ITZO,  lime 
U*).  potuHh  l-flS,  water  20-8:t=l(IO, 

Pyt.,  etc.— B.B.  intumesces  anil  fuses  to  a  iilobbr  glass,  nearly  opaqne.  Decompoeed  by 
hydrochloric  add,  with  aepaiatiou  of  alims'  silica. 

DJ[.~— lis  rhombohedral  form,  rescinliling  a  cube,  ib  character! stic  ;  is  harder,  and  does  not 
effervesce  with  acids  like  colcite;  is  unlike  Huoritu  in  cleavage;  fuses  B.B.  with  intume*- 
cencG  to  a  btebby  glass,  unlike  analcite. 

Obi.^ — Chabazite  occurs  mostly  in  trap,  basidt.  or  amygdaloid,  and  occasionally  in  gtieiaa, 
syenite,  mica  schist,  homblenilic  schist.  At  the  Pariie  Isiande,  Ori-enland,  and  Iceland  ;  at 
Aussig  in  Bohemia ;  Striegan,  Silesia,  In  Sova  Scotia,  wine-yellow  or  Hesh-red  (the  last  the 
•iaiiludlte\.  etc.;  at  Bergen  HiU,  N.  J.;  at  Jones's  Falls,  near  Baltimore  l/i-ii/deiiiU). 

Sl!:i-:nAClIlTl':  {Baueri  from  Richmond,  Victoria,  is,  according  to  v.  Rath,  identical  with 
plittmlitc ;  and  he  soggesta  the  same  may  be  true  of  uersciiglite,  from  Aci  Castello,  Bioil;. 
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QMBLINITB. 


Rhombohedral.  li  A  li 
0'7254.  Crystals  usually 
hexagonal  in  aspect ;  some- 
times habit  rhombohedral ; 
i  often  liorizon tally  sti-i- 
ated.  Cleavage:  i  perfect. 
Observed  only  in  crystals, 
and  never  as  twins. 

lI.=4-5.  G.=2-04^2-17. 
Lustre  vitrecms.  Colorless, 
yellowish- white,  greenish- 
white,  reddish-white  flesh- 
red.  Transparent  to  trans- 
lucent.    Brittle. 


=:112°26',    ^Ai?=  ^A-1  =140°  3';    o  = 


045 


C.  Blomidon,  etc. 


646 


C.  Blomidon. 


C17 


Oomp.— Q.  ratioforR  :  ft  :  Si  :  H=l  :  3  :  8  :  6,  R=CafNa.,Ka),  R=::^l.  Formula  (Ca,Na,) 
ArlSiiOii+Oaq.  Analysis  by  Howe,  Bergen  Hill,  SiC  48(57,  iVlO,  18-72,  FeOs  010,  CaO 
2-60,  NaaO  914,  H^O' 21 '35 =100  58  (Am.  J.  Scl,  III.,  xU.,  270,  1876). 

Pyr.,  etc. — In  the  closed  tube  cnimbles,  gives  off  much  water.  B.  B.  fuses  easily  to  a  white 
enamel.     Decomposed  by  hydrochloric  acid  with  gelatinization. 

Difif. — Closely  resembles  some  chabazite,  but  diffeij?  decidedly  in  angle. 

Oba. — Occurs  at  Andreasberg;  in  Tran8l3rvania ;  in  Antrim,  Ireland  ;  near  Lame ;  at  Talisker 
in  Skye ;  at  Cape  Blomidon  and  other  localities  in  Nova  Scotia  [ledcreritv) ;  in  fine  crystals  of 
varied  habib  at  the  Bergen  Hill  tunnel  of  1876. 

PHTT.T.TPSITB. 

Orthorhombic.  /A/=  91°  12' ;  1  A  1  =  121°  20',  120°  44',  and  ^S""  40', 
Marignac.  Faces  1  and  i-l  striated  panillel  to 
tiie  edge  between  them.  Simple  crystals  nn- 
known.  Commonly  in  crnciform  crystals,  consist- 
ing of  two  crossing  crystals,  each  a  twinned 
prism  (f.  647).  Crystals  either  isolated,  or 
gronped  in  tnfts  or  spheres  that  are  radiated 
within  and  bristled  with  angles  at  surface. 

11.  =4-4*5.  (t.=:2-201.  Lustre  vitreous. 
Color  white,  sometimes  reddish.  Streak  un- 
colorcd.     Transl  ucent — opaque. 

Oomp — Q.  ratio  f or  R  :  ft  :  Si  :  H=l  :  3  :  8  :  4,  R=:Ca 
and  K:,(Na7) ;  Ca  :  Ka=3  :  1,  2  :  3,  etc.  Formula  RAlSi.Gi, 
+4:iq.  Analysis  by  Ettling,  Nidda.  Hessen,  SiOa  48  13, 
AlOa  21-41,  CaO  8-21,  KaO  520,  NaaO  0*70,  HaO  10  78= 
100-48. 

Pyr.,  etc. — B.B.  crumbles  and  fuses  at  3  to  a  white  onameL 
Gelatinizes  with  hydrochloric  acid. 

Diff. — Resembles  harmotome,  but  distinguished  B.B. 

Obs. — At  the  Giant's  Causeway,  Ireland ;  at  Capo  di  Bove, 
near  Rome  ;  in  Sicily  ;  Annerode,  near  Gicssen ;  in  Silesia ; 
Bohemia  ;  on  the  west  coast  of  Iceland. 

Strong  (Jahrb.  Min.,  1876,  585)  shows  that  the  forms  are 
exactly  analogous  to  those  of  hazmotome,  and  suggests  that 
it  may  be  also  monoclinic. 


C.  di  Bove. 


DBBCBIPnTE  HIHEBALOOT. 


Monoclinic  (DesCloizeaux). 


Cleavage :  I,  0,  easy.  Simple  erystalB  on- 
known.  Oecurniig  in  penetra- 
tion-twins. Unknown  mas&ive. 
H.  =4-5.  G.  ^2-44-2-45. 
Lustre  vitreous.  Color  white  ; 
passing  into  grav,  yellow,  red, 
or  brown.  Streak  white.  Sub- 
transparent — t  ran  sill  cent.  Frac- 
ture uneven,  imperfectly  coii- 
choidal.     Brittle. 

Oorop.— Q.  tstio  for  B  ;  R  :  ffi  :  H 
=  1:3:  10;  5;  here  B=B»  mot&j, 
alnoK,  ;   lt=.-Vl.     Formula  BAlSiiOj* 

+5aq.  H  oneBfth  of  the  water  la 
ohnnioall;  combined  (Itammelsberg'.  then  the  fonnnla  corresponds  to  HtBAlSiiOii-l-4aq. 
Both  formolaA  give  Silica  45-01,  olumiDa  1570,  barjta  20-06,  potash  ^-M,  water  1400=100. 

Pyr^  etc.— KB.  whitens,  then  crumblos  and  fuwR  at  3-5  without  iatumeicence  to  ■  white 
translncent  g-lasB.  Some  varieties  pboBpborcsce  when  heated.  DuoompOBed  b;  bydioohloiio 
add  without  ^latinizinf;. 

DtS.— Characterized  by  ita  ciyBtallization  in  twins ;  the  presence  of  barinm  sepantes  it 
bom  other  spcciea. 

Obi. — Harmotome  occurs  in  amj-gdalold.  phonolyte,  trachyte  \  also  on  gneiss,  and  in  soma 
metal  literoQB  Teina.  At  Ktrontion  in  Scotlimd;  at  Andrensberg ;  at  Rudelstadt  in  SUeaia; 
Sehiffenber((.  near  QieHBen,  etc. ;  Oberstcin ;  in  the  gneins  oC  upper  New  York  City. 

DesUloiteaux,  who  has  shown  the  monoclinic  character  of  the  species  by  optioal  meuna,  hM 
adopted  a  different  positioa  f or  the  crjatals  <1  =  /,  cto.). 


BtroQtiaa. 


Andreasberg. 


STILBITB.    Desmine. 


I^l=  W  1(5-,  1 A 1,  front,  =  110°  1(!',  aide,  114"  0'. 
Cleavage :  i-l  perfect,  i-t  less  so.  Ftmns  as  in  f.  650 ; 
more  conunou  with  tlic  prism  flattened  parallel  to  i-l 
or  the  cleava'je-face,  and  pointed  at  the  extremities. 
Twins:  cniciionn,  twinning-plane.  1-3, rare.  Common 
in  sheaf -like  aggi-egationit;  divergent  or  radiated;  somo 
times  elobnlar  and  thin  lamellar-columnar, 

II,=3-5-4,  G.=3-09t-2-205.  Lnstre  of /-I  pearlv; 
of  other  faces  vitreons.  Color  white;  ocdasionally 
yellow,  hrown,  or  red,  to  brick-red.  Streak  uncolorea. 
Ti-aiifliiarent — translucent.     Fraetiirc  uneven.     Brittle. 

Var. — I.   Ordinnr,'/.     Ether  (a)  in  crjutals,  flattened  and  pe«r1]r 

paralJel  to  the  plane  of  cleavage,  or  sheaf-like,  oc  divergeot  gronps; 

or  {b':  in  radiated  xton  Or  hemiepherea,  with  the  radiating  individnala 

showing  a  pearly  cleavage  sarface.    Sphan/itUhiU,  Bend,  is  in  spheres, 

radiated  within  With  a  pearly  fracture,  rather  soft  aiternnlly, 

Oomp.— Q.  ratioforR  :  H  :  Si  :  H  =  l  :  :)  :  13  :  0  ;  R  =  CQ{Na,),H=Al.    Forranla EAlSi.O,. 

-I-Oaq.     If  two  parte  of  water  are  ba«ic  (Ramra.)  tbe  ratio  becomes  (E=Ca,H,,Na,)  3  :  8  :  18 

:  4.  or  R  :  Si=l  :  2.  and  the  formula  \»  H,R:USi,0^t-f-4aq.     AnalyHis.  Petersen,  Seiner  Alp, 

RiO,  55-61,  AlO,  15-03,  CaO  7-33.  Ka.O  S-OI,  K,0  047,  H,0  18-19=9ll-23. 

^rr.,  etc. — B.B,  estuliates,  swells  np,  corves  into  fan-like  or  vermicnlar  forma,  and  foMa 
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to  a  white  enamel.  F. =2-2*5.  DecompoHed  by  hydrochlorio  acid,  without  gelatinizing.  The 
sphoeroatUbiU  gelatinizes,  but  Heddie  says  this  is  owing  to  a  mixture  of  mesoUte  with  the  stil- 
bite. 

"DUEL — Prominent  characters:  occurrence  in  sheath-like  forms,  and  in  the  rectangular 
tabular  crystals ;  lustre  on  cleayage-face  pearly  ;  does  not  gelatinize  with  acids. 

Obs. — Stilbite  occurs  mostly  in  cavities  in  amygdaloid.  It  is  also  found  in  some  metal* 
lif erous  veins,  and  in  granite  and  gneiss.  The  Faroe  Islands,  Iceland,  and  the  Isle  of  Skye  ; 
in  Dumbartonshire,  Scotland;  at  Andreasberg ;  Arendal  in  Norway 'in  the  Vendayah  Mt&, 
Hindostan ;  near  Fahlun  in  Sweden.  In  North  America,  at  Bergen  Hill,  New  Jersey  ;  at  the 
Michipicoten  Islands,  Lake  Superior ;  Nova  Scotia,  etc. 

The  name  itUJbiU  is  from  (rr/yl/?^,  Imtre;  and  desmine  from  Mafirj^  a  bundle.  The  specieB 
stilbite,  as  adopted  by  Hatiy,  included  Strahlzeolith  Wern.  (radiated  zeolite,  or  the  above), 
and  Bliitterzeolith  Wern.  (foliated  zeolite,  op  the  species  heulandite  beyond;.  The  former  waa 
the  typical  part  of  the  species,  and  is  the  first  mentioned  in  the  description ;  and  the  latter 
he  added  to  the  species,  as  he  observes,  with  much  hesitation.  In  1817,  Breithaupt  separated 
the  two  zeolites,  and  called  the  former  desmine  and  the  latter  euzedit-e^  thus  throwing  aside 
entirely,  contrary  to  rule  and  propriety,  Haiiy*s  name  stilbite^  which  should  have  been  accepted 
by  him  in  place  of  desmine,  it  being  the  typical  part  of  his  species.  In  1822,  Brooke  (ap- 
parently unaware  of  what  Breithaupt  had  done)  used  stildits  for  the  first,  and  named  the  other 
neulandiU.  In  this  he  has  been  foIlowc*d  by  the  French  and  English  mineralogists,  while  the 
Germans  have  unfortunately  followed  Breithaupt 

Epistilbite  {Remite), — Composition  like  heulandite,  but  form  orthorhombio.  Iceland ; 
Farue ;  Poonah,  India,  eta  ;  Bergen  Hill,  N.  J. 

FoRESiTK.— Resembles  stilbite  in  form.  Q.  ratio  for  R  :  ft  :  Si :  H— 1  :  0  :  12  :  6.  Formula 
RA;laSieOi9+6aq.  (R=Na3  :  Ca=l  :  3).  Occurs  in  crystalline  crusts  on  tourmaline,  in  cavities 
in  granite.     Island  of  Elba. 


HEULANDITX!.    Stilbit,  Oerm, 


Monoclinic.   C=  88°  35',  I^I=  136°  4',  C>Al-i  =  156°45';  c  :h\d  = 
1-065  :  24785  :  1.      Cleavage  :   clinodiagonal  {i-\)  emi- 
nent.    Also  in  globular  forms;  also  granular.  Col 

11. =35-4.  G.=2'2.  Lustre  of  i-l  strong  j^earlj' ;  of 
other  faces  vitreous.  Color  various  shades  of  white, 
passing  into  red,  gray,  and  brown.  Streak  white. 
Transparent — subtranslucent.  Fracture  subconchoidal, 
imeven.     Brittle.     Double  refraction  weak ;  optic-axial 

1;)lane  normal  to  i-\ ;  bisectrix  positive,  parallel  to  the 
lorizontal  diagonal  c»f  the  base ;  DesCl. 

Oomp — Q.  ratio  for  R  :  ft  :  Si  :  H=l  :  3  :  12  :  5 ;  R=Ca(Na9). 
Formula  OaA:lSieOi«-|-5aq,  or  if  2H.0  be  basic  (Ramm.)  then  the 
ratio  becomes  1:1:4  (R=Ca  and  Ha),  and  the  formula  H^CaAlSi* 
0,p+3aq.  Both  require  Silica  5906,  alumina  1683,  lime  7-88,  soda 
1-40,  water  14-77=100. 

Pyr.— B.B.  same  as  with  stilbite. 

DifF. — Distinguished  by  its  crjstaUine  form.     Pearly  lustre  of  i-l  a  prominent  character. 

Obs. — Heulandite  occurs  principally  in  amygdaloidal  rocks.  Also  in  gneiss,  and  occasionally 
in  metalliferous  yeins.  Occurs  in  Iceland ;  the  FarOe  Islands ;  the  Vendayah  Mountains, 
Hindostan.  Also  in  the  Kilpatrick  Hills,  near  Glasgow ;  in  the  Fassa  Valley,  Tyrol ;  An- 
dreasberg ;  Nova  Scotia,  etc. ;  at  Bergen  Hill,  New  Jersey ;  on  north  shore  of  Lake  Superior; 
at  Jones's  Falls,  near  Baltimore  (Levy's  beaumontUe), 

For  the  relation  of  the  synonymes  see  stilbit,  above. 

Bkewsterite. — Q.  ratio  same  as  for  heulandite,  but  R  is  here  Ba  or  Sr  (Ca).  FormoU 
requires  SiO,  58-5,  AID,  15*8,  BaO 7*6,  SrO  102,  HaO  18-4=100.  Monoclinic.  Strontian in 
Aigyleshire,  eta 
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III.     MARGAROPnYLLlTE     SeCTION. 
BiSILICATES. 

The  Margarophvllites  are  often  foliated  like  the  micas,  and  the  name 
alludes  to  the  pearly  folia.  Mai«ive  varieties  are,  however,  the  most  com- 
mon with  a  large  j*art  of  the  si)ecies,  and  tliey  often  have  the  compactness 
of  clay  or  wax.  Talc,  2)yroj)hyllite,  serpentine,  are  examples  of  species  pre- 
senting both  extremes  of  structure ;  while  pinite  occurs,  as  thus  tar  known, 
only  in  the  compact  conditi<in.  The  true  Margai-ophyllites  are  below  5  in 
hardness ;  greasy  to  the  feel,  at  lea&t  when  linch*  powdered. 

TAIjO. 

Oithorhombic.     /A  /  =  120°.     Occurs  rarely  in  hexagonal  prisms  and 

1  Mates.     Cleavage:  basal,  eminent.     Foliated  massive,  sometimes  in  globu- 
ar  and  stellated  groups;  also  granular  massive,  coai-se  or  fine ;  also  com - 
2)act  or  (;ryptocrvstalline. 

II.=1-1'5.  G.=2*5G5-2*8.  Lustre  pearly.  Color  apple-green  to  white, 
or  silvery-white ;  also  greenish-gray  and  dark  green  ;  sometimes  bright 
green  pemendicular  to  cleavage  surtace.  and  brown  and  less  translucent  at 
right  angles  to  this  direction  ;  brownish  to  blackish-green  and  reddish  when 
iinpure.  Streak  usually  white;  of  dark  green  varieties,  lighter  than  the 
color.  Subtransparent — subtranslucent.  ISectile.  Thin  laminaj  flexible, 
but  not  elastic.  Feel  greasy.  Optic-axial  plane  i-l ;  bisectrix  negative,  nor- 
mal to  the  base ;  DesCl. 

Var. — F(AUited^  Tale.  ConBists  of  folia,  usually  easily  separated,  haviog  a  greasy  feel,  and 
presenting  ordinarily  light  green,  greenish- white,  and  white  colors.  G.:^  2  05-2*78.  (a) 
MoHHire^  Steatite  or  iSfmpstone  (Speckstein,  Genu. ).  Coarse  granular,  gray,  grayish-green,  and 
brownish -gray  in  colors.  H.  =  l-2*r).  [h)  Fine  prannlar  or  cryptocrystalline.  and  soft  enough 
to  be  used  as  chalk,  as  the  Frendi  dmlk  {Crate  ik  livianqon)^  which  is  milk-white,  with  a 
pearly  lustre. 

Oomp. — Q.  ratio  for  Mg  :  Si=2  :  5,  or  3  :  4,  with  a  varying  amount  of  water  in  both  talc  and 
steatite,  from  a  fraction  of  a  per  cent,  to  7  p.  c.  If  the  water  is  basic,  the  ratio  becomes  for 
U  :  8i=l  :  2,  (R=Mg(Fe)and  H,),  and  the  formula  is  HaMgjSi^Oia  (Ramm.)  =  Silica  03*49, 
magnesia  31*75,  water  4*70=  100  ;  the  analyses  show  generally  1  or  2  p.  c.  of  FeO. 

Pyr.,  etc. — In  the  closed  tul>e  B.B.,  when  intensely  ignited,  most  varieties  jield  w^ater.  In 
the  platinum  forceps  whitens,  exfoliates,  and  fuses  with  difficulty  on  the  thin  edges  to  a  white 
enamel.  Moistened  with  cobalt  solution,  assumes  on  ignition  a  pale  red  color.  Not  decom- 
posed by  acids. 

Diff. — Recognized  by  its  extreme  softness,  unctuous  feel,  and  usually  foliated  fetmcture. 
Inelastic  though  flexible.     Yields  water  only  on  intense  ignition. 

Obfl. — Talc  or  steatite  is  a  veiy  common  mineral,  and  in  the  latter  form  constitutes  exten- 
sive l>eds  in  some  regions.  It  is  often  associated  with  serpentine  and  dolomite,  and  frequently 
contains  crystals  of  dolomite,  breunerite,  asbcstus,  actinolite,  tourmaline,  magnetite.  Steatite 
is  the  material  of  many  pseudomori>hH,  among  which  the  most  common  are  those  after  pyroxene, 
hornblende,  mica,  scapolite,  and  spinel.  The  magnesian  minerals  are  those  which  commonly 
afford  steatite  by  alteration ;  while  those,  like  scapolite  and  nephelite,  which  contain  soda  and 
no  magnesia,  most  frequently  change  to  pinite-like  pseudomor|)hs.  liensselaerite  and 
pyraWAite  ore  pseudomorphous  varieties. 

Apple-green  talc  occurs  near  Salzburg ;  in  the  Valais ;  also  in  Cornwall,  near  Lizard  Point, 
with  serpentine  ;  in  Scotland,  with  serpentine,  at  Portsoy  and  elsewhere ;  etc.  In  N. 
America,  some  localities  are:  Vermont^  at  Bridgewater;  Grafton,  etc  In  Neio  Hammhire^ 
at  Pelham,  etc.  In  II,  Inland^  at  Smithfield.  In  N.  York^  near  Amity.  InPenn.,  at  Texas; 
at  Chestnut  Hill,  on  the  Schuylkill.    In  Maryland^  at  Cooptown. 
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PTROPHYLLrm.    Agalmatolite  or  Pagodite  pt. 

Orthorliorabic.  Not  observed  in  distinct  crystals.  Cleavage:  basal 
eminent.  Foliated,  radiated  lamellar ;  also  granular,  to  compact  or  crypto- 
crjstalline  ;  the  latter  sometimes  slaty. 

iI.  =  l-2.  G.=2-75-2-92.  Lustre  of  folia  pearly,  like  that  of  talc  ;.  of 
massive  kinds  dull  or  glistening.  Color  white,  apple-green,  gmyish  and 
brownish-green,  yellowisu  to  ochre-yellow,  grayish-white.  Sub  transparent 
to  opaque.  Laininse  flexible,  not  elastic.  I"  eel  greasy.  Optic-axial  angle 
large  (about  108°) ;  bisectrix  negative,  normal  to  the  cleavage-plane. 

Var. — (1)  Foliated,  and  often  radiated,  closely  resembling  talc  in  color,  feel,  lustre,  and 
structure.  (2)  Compact,  massive,  white,  grayish,  and  greenish,  somewhat  resembling  com- 
pact Hteatite,  or  French  chalk.  This  compact  variety,  as  Brush  has  shown,  includes  part  of 
what  has  gone  under  the  name  of  agalmatolite,  from  China ;  it  is  used  for  slate-pencils,  and 
is  sometimes  called  pencU-stone, 

Comp. — Q.  ratio  for  Al  :  Si=l  :  2,  ali?o  in  other  cases  3  :  8,  Formula  for  the  first  ca8e= 
AlSi,Oj+aq  (Ramm.).  Analysis,  Chesterfield,  S.  C,  by  Qenth,  SiOa  64*82,  AID,  2848,  FoO, 
0-90,  AlgO  0-33,  CaO  0-55,  HaO  5-2o=100-;i9. 

Pyr.,  etc. — Yields  water.  B.B.  whitens,  and  fuses  with  difficulty  on  the  edges.  The 
radiated  varieties  exfoliate  in  fan-like  forms,  swelling  up  to  many  times  the  original  volume 
of  the  assay.  Heated  with  cobalt  solution  gives  a  deep  blue  color  (alumina).  Partially  decom- 
posed  by  sulphuric  acid,  and  completely  on  fusion  with  alkaline  carbonates. 

Obs. — Compact  pyrophyllite  is  the  material  or  base  of  some  schistose  rocks.  The  foliated 
variety  is  often  the  gaugue  of  cyanite.  Occurs  in  the  Urals ;  at  Westana,  Sweden  J  near  Ottrez 
in  Luxembourg ;  in  Chesterfield  Dist.,  S.  C. ;  in  Lincoln  Co.,  Ga.;  in  Arkansas.  The  compact 
pyrophyllite  of  Deep  River,  N.  C. ,  is  extensively  used  for  making  slate  pencils. 

PiHLiTE  {cyi)iatoiiU)y  near  pyrophyllite. 


SBPIOLITI!.    Meerschaum,  Germ,    L'Ecume  de  Mer,  Fr, 

Compact,  with  a  smooth  feel,  and  fine  earthy  texture,  or  clay-like. 

11. =2-2*5.  Impressible  by  the  nail.  In  dry  masses  floats  on  water. 
Color  grayish-white,  white,  or  with  a  faint  yellowish  or  reddish  tinge. 
Opaque. 

Oomp. — Q.  ratio  for  R  :  Si :  Hr=l  :  3  :  1,  corresponding  to  MgsSisOft  +  2aq ;  or,  if  half  the 
water  is  basic,  1:3:  i=HaMg>8i30»  +  aq=SiUca  00-8,  magnesia  271,  water  121=100.  The 
amount  of  water  present  is  somewhat  uncertain. 

Pyr.,  etc. — In  the  closed  tube  yields  first  hygroscopic  moisture,  and  at  a  higher  temperature 
gives  much  water  and  a  burnt  smell.  B.  B.  some  varieties  blacken,  then  burn  white,  and  fuse 
with  difficulty  on  the  thin  edges.  With  cobalt  solution  a  pink  color  on  ignition.  Decomposed 
by  hydrochloric  acid  with  gelatinization. 

Obs. — Occurs  in  Asia  Minor,  in  masses  in  stratified  earthy  or  alluvial  deposits  at  the  plains 
of  £skihi-sher ;  also  found  in  Greece ;  at  Hmbschitz  in  Moravia ;  in  Morocco ;  at  Vallecas  in 
Spain,  in  extensive  beds. 

The  word  meerschaum  is  German  for  sea-frothy  and  alludes  to  its  lightness  and  color.  Sepio- 
li'te^  Glocker,  is  from  oiTTr/a,  cuttle-fish,  the  bone  of  which  is  light  and  porous,  and  also  a  pro- 
d  action  of  the  sea. 

Aphrodite. — 4MgSiOa+3aq.    Resembles  sepiolite.    Longban,  Sweden. 

SMKCTrrB. — Fuller*8  earth  pt.     A  greenish  clay  from  Styria. 

MoNTMORiLLONiTE. — A  rose-rcd  clay  containing  more  alumina  than  smectite,  from  Mont* 
moriUon,  France. 

Celadonite. — ^A  variety  of  **  green  earth '^  from  Mt.  Baldo,  near  Verona. 

Glauconete. — Green  earth  pt.  A  hydrous  silicate  of  iron  and  potassium,  but  always 
impure.     Constitutes  the  green  sand  of  the  chalk  and  other  formations  {e.g,,  in  New  Jersey). 

Stilpnomelank. — In.  foliated  plates,  or  as  a  velvety  coating.    Essentially  a  hydrous  iron 
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l^arA/h  -'rtkf{,     AtArttkM^fTfs  :  ri'^/.r.c^T^  Zifo^  Crxtir^g^bz. ;  N<:ic;ircici  >6^r9iu<e),  Fzazioe,  etc. 
Akhimtk..  ^FHThikpik  ztbkX/A  u>  ciiiorofA^    /^2«i  u  jt  .     Coior  biie.     SpAin. 


UyisiucATxa. 
SERPENTINB. 


Orthorhornbic  T^j.  In  difetiinrt  cnftal?.  but  only  as  pscudomorphs.  Some- 
iiuu'M  foliated,  folia  rarely  »ei>arable ;  als^^  delicately  tibrous,  the  fibres  often 
eahily  M.'i^rable,  and  either  flexible  or  brittle.  Usually  massive,  fine  granu- 
lar to  inipalimble  or  ery ptocrystal line ;  aWj  slaty. 

II.rr=2'5-4,  rarely  5*5.  (t.  =  2*5-2'05  ;  some  fibrous  varieties  2'^2-3 ; 
retinalite,  2'3^>-2'55.  Lustre  siibresinous  to  greasy,  pearly,  earthy ;  resin- 
like, or  wax-like;  usually  feeble.  Color  leek-green,  blackish-green,  oil 
and  sihkin-^reen,  brownish-red,  brownish-yellow;  none  bright;  sometimes 
newrly  white.  i)x\  exixisu re,  often  I>ecoinin'(  yellowish-gray.  Streak  wliite. 
nli^htly  shiin'rig.  Tranfilucent — opaque.  Feel  smooth,  sometimes  greasy. 
Fracture  conchoidal  or  82)lintery. 

VAr.--Many  unmuitainfid  Rpccies  have  been  made  out  of  serpentine,  differing  in  Btmctare 
(rnnfiHiv<%  Hlaty,  foliated,  flbrouH),  or,  afl  Hiii)poHed,  in  chemical  composition. 

M AHHi  VK.  ( 1 )  Ordinary/  mnmve.  {a)  Pred^nm  or  Nohk  Strpentiue  (Edler  Serpentin,  Germ,) 
in  of  a  rich  oil-^eoii  color,  of  pale  or  dark  Bhodes,  and  tronHlucent  even  when  in  thick  pieces; 
and  (h)  (htnmoii  Huritentinf.^  when  of  dark  Rhadcs  of  color,  and  subtranslacent.  The  former 
liAM  a  hanlneHH  of  2'5-«'$;  the  latt<:r  often  of  4  or  beyond,  owing  to  impurities.  Boufenite 
(Hiiiithfluhl,  It.  l.)f  is  a  jade-like  variety  with  the  hardness  5*5. 

KoM  ATKi).  JnnnnffUte  is  thin  foliati^d ;  the  lamina)  brittle  but  easily  separable,  yet  gradn- 
athiK  Into  a  variety  in  which  they  arc  not  separable.  G.  =2*41 ;  lustre  pearly;  colors  green- 
iiih-whito,  bluiHh-white,  or  pale  asparagus-green.     From  Hoboken,  N.J. 

FifiKoirH.  ('hryntttilii  is  delicately  fibrous,  the  fibres  usually  flexible  and  easily  separating ; 
lustre  silky,  or  silky  metallic ;  color  greenish- white,  green,  olive-green,  yellow,  and  brownish ; 
0.  2'2IU.  Often  constituU's  seams  in  seri>cntine.  It  includes  most  of  the  silky  aTiuanMiM 
of  serpentine  rfssks.     The  original  chrysotile  was  from  Ileichenstein. 

Any  Mirpnntinn  rook  cut  into  slabs  and  polished  is  called  serpentine  marble, 

Oomp.  Q.  ratio  for  Mg  :  Si  :  H— JJ  :  4  :  2,  corresjwnding  to  Mg3Sia07-f2aq= Silica  43-48, 
nuigni'slu  4«l'4H,  water  13 '04.  But  as  chr^-solite  is  eHi)ecially  liable  to  the  change  to  Bcrpen- 
iinr,  nnd  chrysolite  is  a  uninlicafe^  and  the  change  consists  in  a  loss  of  some  Mg,  and  the 
nddilion  of  water,  it  is  probable  that  (lart  of  the  water  takes  the  place  of  the  lost  Mg,  so  that 
the  mineral  is  tWHentially  a  hydratod  chrysolite  of  the  formula  HaMgoSiaOn-faq.  The  rela- 
titm  in  ratio  to  kaoliuite  and  pinite  corres))onds  with  this  view  of  the  formula. 

Pyr.,  ot3.  In  the  closed  tube  yields  water.  B.  B.  fuses  ou  the  edges  with  diflBculty.  F.  = 
0.  0 Ives  usually  an  iron  reaction.  Decomposed  by  hydrochloric  and  sulphuric  acids.  Chry- 
sotiht  UMives  the  silica  in  flue  fibres. 

Diff.-  Distinguisliing  characters:  compact  structure;  softness,  being  easily  cut  with  a 
knife ;  low  speoitlu  gravity  ;  and  n^sinous  lustre. 

Obs.  Ser|MMitino  often  constitutes  mountain  masses.  It  frequently  occurs  mixed  with 
inortt  or  h»iiH  of  doIoniit(\  magnosit^s  or  caloite,  making  a  rock  of  clouded  green,  sometimes 
vi'lned  with  white  or  jvalo  green,  called  rerd  ^1nt^f/^te,  or  (t^M)lite.  It  results  from  the  altera- 
tion of  other  rocks,  frei|U«ntly  ohr^'aolito  rooks.  Ciystals  of  serpentine  (pseudomorphoiiB) 
iKH3ur  in  the  Fawa  valley,  Tyrol ;  near  Miask ;  Kathariuenberg,  and  elsewhere ;  in  Norwaj, 
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at  Snarum,  etc.  Precious  serpentines  come  from  Sweden ;  the  Isle  of  Man ;  Corsica ; 
Siberia  ;  Saxony,  etc.  In  N.  America,  in  Vermont^  at  New  Fane;  Roxbury,  etc.  In  Ma4S.j 
at  Newburyport  and  elsewhere.  In  Conn,^  near  New  Haven  and  Milford,  at  the  vcrd-antiqae 
quarries.  In  N.  York^  at  Brewster,  Putnam  Co.  ;  at  Antwerp,  Jefferson  Co.  ;  in  Gouver- 
neur,  St.  Lawrence  Co. ;  in  Orange  Co. ;  Richmond  Co.  In  N,  Jersey,  at  Hoboken.  In 
iV/i/i.,  at  Texas,  Lancaster  Co. ;  also  in  Chester  Co. ;  in  Delaware  Co.  In  Maryland^  at 
Bare  Hills ;  at  Cooptown,  Harford  Co. 

The  following  are  varieties  of  serpentine  :  reiirutUte,  Grenville,  C.  W. ;  varhatiserite,  Tyrol ; 
porceUophite ;  bowenite^  Smithfield,  R.  I.  ;  anti^orite^  Piedmont ;  wilkanufUe,  Texas,  Pa.  ; 
marmolite^  Kohoken;  picroUU;  metaxiU;  r^'rfrt/wMe  (containing  Ni) ;  aqua-crepititc. 

Bastite  or  Schiller  Spar. — An  impure  serpentine,  a  result  of  the  alteration  of  a  foliated 
p^Toxcue.     Baste ;  Todtmoos  in  the  Schwarzwodd.     Antillite  is  similar. 

Deweylite  {Gymnite). — H«Mg4Si30B+4aq.  Occurs  with  serpentine  at  Middlefield  and 
Texas,  Penn.     Hydropuite  {Jenkinsite)^  near  deweylite,  but  Mg  replaced  in  part  by  Fe. 

Cerolitb. — H^MgiSisOT+aq.  Silesia.  Limbaciute  from  Limbach,  axid  Zoblitzitb 
from  Zoblitz,  are  yarietiea  of  cerolito. 

aUNTHITI!.    Nickel-Gymnite. 

Amorphous,  with  a  delicately  hemispherical  or  stalactitic  surface,  in- 
erustiiig. 

H.=3-4;  sometimes  (as  at .  Michipicoten)  so  soft  as  to  be  polished 
under  the  nail,  and  fall  to  pieces  in  water.  G.=2409.  Lustre  resinous. 
Color  pale  apple-green,  or  yellowish.  Streak  greenish- white.  Opaque  to 
translucent, 

Oomp. — Q.  ratio  for  R  :  Si  ;  H=2  :  3  :  3,  or  the  same  as  for  deweylite  ;  formula  HiCNi, 
Mg)4Si30ia,  being  a  nickel-gymnite.  Analysis:  Genth,  Texas,  Pa.,  SiOj  35*30,  NiO  30*04, 
FeO  0*24,  MgO  14*00,  CaO  0  20,  H,0  111*09=10019. 

P3rr.,  etc. — In  the  closed  tube  blackens  and  gives  off  water.  B.  B.  infusible.  With  borax 
in  O.  F.  gives  a  violet  bead,  becoming  gray  in  R.F.  (Nickel).  Decomposed  by  hydrochloric 
acid  without  gelatinising. 

Obs. — From  Texas,  Lancaster  Co. ,  Pa. ,  in  thin  crusts  on  chromic  iron  ;  from  Webster, 
Jackson  Co.,  N.  C;  on  Michipicoten  Id.,  Lake  Superior. 

Alepitb  and  Pisuclite,  an  apple-green  silicates  containing  some  nickel  Garnieritb 
and  NouMEiTE,  from  New  Caledonia  are  similar,  aad  have  been  shown  by  Liversidge  to  be 
mixtures. 


Kaolinite  Orov^, 

KAOUNITB. 


Orthorhombic.  I  ^  1=  120°.  In  rhombic,  rhomboidal,  or  hexagonal 
scales  or  plates ;  sometimes  in  fan-shaped  aggregations  ;  usually  constitut- 
ing a  claj-like  mass,  either  compact,  friable,  or  mealy ;  base  of  crystals 
lined,  arising  from  the  edges  of  superimposed  plates.  Cleavage :  basal, 
perfect.     Twins :  the  hexagonal  plates  macle  up  of  six  sectore. 

II.  =  1-2-5.  G.=2'4-2'63.  Lustre  of  plates  pearly  ;  of  mass,  pearly  to 
dull  earthy.  Color  white,  grayish-white,  yellowish,  sometimes  brownish, 
bluish,  or  reddish.  Scales  transparent  to  translucent.  Scales  flexible, 
inehistic ;  usually  unctuous  and  plastic. 

Var. — 1.  ArgHUform,    Soft,  clay-like  ;  ordinary  kaolinite ;  under  the  microscope,  if  not 
without,  showing  that  it  is  made  up  largely  of  pearly  scales.    The  constituent  of  most,  if  not 
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all,  pure  kaolin.  3.  Fariniform.  Mealj,  hardly  ooherent,  consisting  of  pearly  angular 
scales.  3.  Indurated;  LUhomarge  {Steinmark,  Germ.).  Firm  and  compact;  H.=!^*5. 
When  pulverized,  often  shows  a  scaly  texture. 

Oomp. — Q.  ratio  for  R  :  Si  :  H=3  :  4  :  2 ;  formula  AlSiaOi+Saq,  or  mnlrmg  part  of  the 
water  basic,  HaAlSi,0«+aq= Silica  40-4,  alumina  897,  water  13-9=100. 

Pyr.,  etc. — Yields  water.  B.B.  infusible.  Giyes  a  blue  color  with  cobalt  solution.  Inacd- 
uble  in  acids. 

DiflL — Characterized  by  its  unctuous,  soapy  feel ;  alumina  reaction  B.B. 

Obs. — Ordinary  kaolin  is  a  result  of  the  decomposition  of  aluminous  minerals,  especially 
the  feldspars  of  granitic  and  gneissoid  rocks  and  porphyries.  In  some  regions  where  these 
rocks  have  decomposed  on  a  large  scale,  the  resulting  clay  remains  in  vast  beds  of  kaolin^ 
usually  more  or  less  mixed  with  free  quartz,  and  sometimes  with  oxide  of  iron  from  some  of 
the  other  minerals  present. 

.  Occurs  at  Cache-Apr6s  in  Belgium  ;  also  in  Bohemia ;  in  Saxony.  At  Yrieix,  near  Limoges, 
is  the  best  hx^olity  of  kaolin  in  Europe,  it  affords  material  for  the  famous  Sievres  porcelain 
manufactory. 

In  the  U.  States,  kaolin  occurs  at  Newcastle  and  Wilmington,  Del.;  at  various  localities  in 
the  limonite  rctrion  of  Vermont  (at  Bnmford.  etc.) ;  Massachusetts  ;  Pennsylvania;  Jackson- 
ville, Ala.;  Edgefield,  S.  C;  near  Augusta,  Ga. 

PiiOLKKiTE,  Hali,oy8ITE,  clays  allied  to  kaolinite. 

Saponite.  — A  soft  magnesian  silicate ;  occurs  in  cavities  in  trap. 


Pinite  &roujp. 


piNrm. 


Amorphous ;  granular  to  cryptoerystalline ;  usually  the  latter.  Also  in 
crj'stals,  and  sometimes  with  cleava^^e,  but  only  because  pseudomorplis,  the 
form  and  cleavage  being  those  of  the  minerals  from  which  derived.  Rarely 
a  submicaceous  cleavage,  which  may  belong  to  the  species. 

H.=2*5-3'5.  G.=2G-2*S5.  Lustre  feeble,  waxy.  Color  grayish- wliite, 
grayish-green,  pea-green,  dull  green,  brownish,  reddish.  Translucent — 
opaque.     Acts  like  a  gum  on  pohirized  h'ght ;  DesCl. 

Oomp.,  Var. — Pinite  is  essentially  a  hydrous  alkaline  silicate.  Being  a  result  of  alteration, 
and  amorphous,  the  mineral  varies  much  in  oofuposition,  and  numerous  species  have  been 
mode  of  the  mineral  in  its  various  conditions.  The  varieties  of  pinite  here  admitted  agree 
closely  in  physical  characters,  and  in  the  amount  of  potash  and  water  present.  Average  com- 
position  :  Silica  46,  alumina  30,  potash  10,  water  ({ ;  formula  (Ramm.)  HcKaALjSiftOso.  The 
mineral  is  related  chemically,  as  it  is  also  physically,  to  serpentine  ;  and  it  is  on  alkali-alumina 
serpentine,  as  pyrophyUite  is  on  alumina  talc. 

The  different  kinds  are  either  pseudomorphous  crystals  after  (1)  iolite ;  (2)  nephelite ;  (3) 
scapolite ;  (4)  some  kind  of  feldspar ;  (5)  spodumene ;  or  (6)  other  aluminous  mineral;  or  (7) 
disseminated  masses  resembling  indurated  talc,  steatite,  lithomarge,  or  kaolinite,  also  a  result 
of  alteration  ;  or  (8)  the  prominent  or  sole  constituent  of  a  metamorphic  rock,  which  is  some- 
times a  pinite  sdiist  (analogous  to,  and  often  much  resembling,  Uilcose  schist,  and  stiU  more 
closely  related  to  pyraphyl^e  sc/iist).     Some  prominent  varieties  are  ; 

Pinite.  Speckstein  [fr.  the  Pini  mine  at  Aue,  near  Schneebcrg].  Occurs  in  granite,  and 
is  supposed  to  be  pseudomorphous  after  iolite. 

GiESECKiTE.  In  6-sidod  prisms,  probably  pseudomorphous  after  nephelite.  H=3  5. 
G.  =2  •78-2*85.  Color  grayish -green,  olive-green,  to  brownish.  Brought  by  Gieseck^  from 
Greenland.     Also  of  similar  characters  from  Diana,  N.  Y. 

Agalmatolite.  Like  ordinary  massive  pinite  in  its  amorphous  compact  texture,  lustre, 
and  other  physical  characters,  but  contains  more  silica,  so«s  to  afford  the  formula  of  a  bisili* 
cate,  or  nearly,  and  it  may  be  a  distinct  species.  Agalniato'ite  was  named  from  ayoA/ua,  an 
image,  wadpagodite  tiom  pagoda,  the  Chinese  carving  the  soft  stone  into  miniature  pagodas, 
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images,  etc.     Part  of  the  so-called  agalmatolite  of  China  is  true  pinite  in  composition,  another 
port  is  compact  pyrophjllite  (p.  327),  and  still  another  steatite  (p.  326). 

Other  minerals  belonging  in  or  near  the  pinite  gn^oup  are  :  dy^syntribite  (=gieseckite) ; 
pnrophite ;  wUsonite;  polyargite  ;  rosite;  kilUnite;  gigantoUte ;  hygropIUlite ;  gumbeUte ; 
restormdite.    Also  cataipUiU  ;  biharite  ;  paiagonite. 


Hydro-mica  Group. 

FABliTJNlTB. 

In  six-  or  twelve-sided  prisms,  but  derived  from  pseudomorphism  after 
iolite.     Cleavage :  basal  sometimes  perfect. 

II.=3*5-5.  G.=2'6-2*8.  Lustre  of  surface  of  basal  cleavage  pearly  to 
waxy,  glimmering.  Color  grayish-green,  to  greenish-brown,  olive-  or  oil- 
green  ;  sometimes  blackish-green  to  black ;  streak  colorless. 

Var. — This  species  is  a  result  of  alteration,  and  considerable  variation  in  the  results  of 
analyses  should  be  expected.  The  crvstoUine  form  is  that  of  the  original  iolite,  while  the 
basal  cleavage  when  distinct  is  that  of  the  new  species  fahluuite. 

Oomp. — Q.  ratio  for  R  :  ft  :  Si :  H=l  :  3  :  5  :  1 ;  whence  the  formula  H4RjftjSi6Oi0i  the 
water  being  considered  as  basic,  and  as  entering  to  make  up  the  deficiency  of  bases  in  the 
unisilicate.  In  some  kinds,  the  same  with  the  addition  of  HaO.  The  Q.  ratio  of  iolite,  the 
original  of  the  species,  is  1:3:5.  Analysis  by  Wachtmeister,  from  Fahlun,  SiOa  44*60, 
AlO,  3010,  FeO  380,  MnO  2  24,  MgO  6-75,  CaO  1-35,  KaO  1-98,  H,0  9-35,  F  tr=100-23. 

Pyr.,  etc. — Yields  water.  B.B.  fuses  to  a  white  blebby  glass.  Not  acted  upon  by  acids. 
Pyrargillite  is  difficultly  fusible,  but  is  completely  decomposed  by  hydrochloric  acid. 

Obs. — FaJdunile  (and  tricl<mte)  from  Fahlun,  Sweden.  The  following  are  identical,  or 
nearly  so:  Esmarkite  and  prasecfUtet  Brevig;  raumite^  Eaumo,  Finland;  chloropJiyUite^  Vuity^ 
Me. ;  f)yrargiUite,  Helsingfors ;  poiyc/iroUite,  Krageroe,  and  aspaitioUte,  Norway ;  Iiurontte, 
Lake  Huron  (  Weissite,  FiJilon). 


MARaARODim. 

Like  muscovite  or  common  mica  in  crystallization,  and  in  optical  and 
other  physical  characters,  except  usnally  a  more  pearly  lustre,  and  the  color 
more  commonly  whitish  or  silvery. 

Oomp. — Q.  ratio  for  R  :  ft  :  Si  :  H  mostly  1  :  6  :  0  :  2 ;  whence  the  formula  HfRnAUSiaOji, 
the  water  being  basic.  Sometimes  Q.  ratio  1  :  9  :  12  :  2 ;  but  this  division  belongs  witJi 
damourite,  if  the  two  are  distinguishable.  This  species  appears  to  be  often,  if  not  always,  a 
result  of  the  hydration  of  muscovite,  there  being  all  shades  of  gradation  between  it  and  that 
species.  Muscovite  has  the  Q.  ratio  for  bases  and  silicon  of  4  :  5,  or  nearly.  Analysis,  Smith 
and  Brush,  Litchfield.  Ct.,  SiO,  44  00,  Al  36-23,  FeO  134,  Mg(0  0  37,  CaO  050,  NaaO  4-10, 
K,0  0-20,  HaO  5-26,  F  tr.=100  GO. 

For  p^Tognostics  and  localities,  sec  muscovite,  p.  291. 

GiLBERTiTE. — ^Essentially  identical  with  margarodite ;  tin  mines,  Saxony. 


DAMOURITE. 

An  aggregate  of  fine  scales,  mica-like  in  structure. 
H.=2-3.     G.= 2*792.    Lustre  pearly.    Color  yellow  or  yellowish-white. 
Optic-axial  divergence  10  to  12  degrees ;  for  sterlingite  70°. 

Oomp. — A  hydrous  potash-mica,  like  margarodite,  to  which  it  is  closely  related.    Q.  ratio 
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f /yf  R  r  H  :  Hi  :  If-l  ;  0  :  12  :  2.  or  I  :  1  f «-  bM«*  Vi  sUcna.  if  tt»  v«ter  if  bai4e.     Formi 
ll,fC,A:,-..,0»^.     A.%aJ7««,  Matron.  fr*wi  -stftriiD^,  Mml  t^UritAr^CU,,  SiOa^iC.  :±K>id6-45, 

Ufid.     Ajei^yrlaUMl  with  c/ynrndim  iik  \ortb  Caroliu;  with  qiodnaene.  at  S( 


Ma»i'ivr;,  hffTn*;timf:Si  «'jAih\^X\U'x  diet: net Iv  of  fine  ticales;  the  rrick  slatv  or 
¥jiM\<-i\.f^4'.,     ( 'hoi'^'hirfi  of  h^Alf^ji  in  oiie  directKin  eminent,  mifradike. 

IL:-2'5  v/.  G.=2'770.  j/amj^/iiite;  2  ?l>-3.  jiregrattite^rEliacher.  Lustre 
kirhtvj:  j/frarly.  Color  yel  1* »winh<,  ;fTay ish,  irrayinh-white,  greeuisli.  light  apple- 
p^nst'JL    Trafii»lucent ;  single  bcales  tranej'arent. 

r 

Coaip« — A  hjdroiM  sodium  mica.  Q.  ratio  for  B  :  ft  :  Si  :  H=l  :  9  :  12  :  2.  or  1  :  1  far 
liaMM  an<]  nlwm.  if  thft  wat^r  Vi4  made  bajdc.  Formula  H»Xa):\liSi<Oa«iK  :  Xa=l  :  6;= 
HiVuA  4fiiif),  alnmina  VJ-W.  nnda  fiifO.  potaub  1  74.  w&ter  4^=100. 

Pyr.  -I^B.  th«  jmxutftmiUs  in  Ktate^l  Ui  ^^e  infoiiible.  The  pregrattite  exfoliates  Bomewhat 
lik^  v«:rrriicijlite  (a  property  of  some  clin'jchlore  and  other  species.,  and  becomes  milk-white 
ijn  the  t:t\itHn. 

Obs^  rtirfujtmii^.  constitateH  the  maiw  of  the  rock  at  Honte  Campione.  in  the  regKm  of 
Hi.  O/fthard,  rxnjtaininf;  cyanite  and  Ktaiiroiite.  called  paragonitic  or  talcuse  schist.  The 
j/ffignUiit^,  in  from  Fregratten  in  the  Fnxterthal,  Tyrol ;  coasaite,  from  mines  of  Bozgofiaiioo, 
n«*r  Ivrea. 

IvroTfTK. — ^iecnni  in  yellow  scales,  also  granular,  with  cryolite  from  Greenland. 

Kfr'ffYLMTK, — AsHOciateil  with  tonrmaline  and  comndum  at  UnionTille,  Penn.  Q.  xmtio 
for  Jl :  ii  :  Hi  :  If  r  1  :  H  :  0  :  2.  Average  composition,  Silica  41*0,  alumina  42*3,  lime  1*5, 
\HfUmh  3  2,  M/¥la  Oil,  water  5';f=:100, 

YA'UKM'VK^  liKHLRYlTK. — Hydro-micas,  perhaps  identical  with  damourite.  Occur  with 
cinindurn,  and  impure  from  aflmixturc  with  it. 

CKl/f.Af  iiKfUTK.— A  hydro-mi<Mi,  c^intoiuing  5  p.  c.  baryta.     Pfitschthal.  Tyrol 

C<MfKKiTK. — A  hydrous  lithium  mica.  From  Hebron  and  Pariii,  3Ic.,  apparently  a  pro- 
duct of  the  alteration  of  rubeliite. 


HISINOIIRITE. 


ArnorphoUH,  (jotnpact,  withr>iit  cleava'^e. 

Il.:-*j.  (f.  =  ;^045.  ]jU8tr(3  ^rcjisy,  inclining  to  vitreous.  Color  black 
to  brownisli-black.     Streak  yellowinh-brown.     Fracture  conchoidal. 

Oomp.— Q.  ratio  for  R^U  :  Bi  :  H=2  :  3  :  3  ;  formula  Il«RaSi30i(,+4aq  (with  one-third 
of  tho  water  basic).  li -  Fe, II3 ;  i{  =  Fc.  AnalyHiH,  (Jleve,  from  Solbeig,  Norway,  SiOa  35*33, 
KeO,  33M4,  Fef)  7-OH,  MgO  360,  11,0  2204=10019. 

Pyr.,  etc.-  - Yi<;ldH  much  wattir.  K.  B.  fuHCs  with  difficulty  to  a  black  magnetic  slag.  With 
tho  nux<;M  givfiH  reactions  for  iron.  In  hydrochloric  acid  easily  decomposed  without  gelatin- 
ixii)({. 

Obs.-  Found  at  Longban,  Tuuaberg,  Sweden;  Riddorhyttan ;  at  DegerO  {degeroiU)^  near 
lIolHiiigfors,  Finland. 

IOkmannitk. — Foliated,  also  rodiatod.  Color  green,  resembles  chlorite.  Analysis,  Igel- 
stnim,  KiO,  34»(),  FcO,  407,  FeO  JW  78,  MnO  11-45,  MgO  2*99,  H^O  10-51=100.  With 
iiiitgtutiiU)  at  (irythyttan,  Bwcden. 

Nkotocitk. — Uncertain  alteration-products  of  rhodonite;  amorphous.  Contains  20-80 
p.  (1.  MiiO.     Fttisberg,  near  Filipstodt,  Sweden;  Finland,  etc. 

Uii.LiNuiTU;  Bwedon.    Jollyte  ;  Bodemnois,  Bavaria. 
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Vermiculite  Oroup, 

The  vERMicuLiTES  have  a  micaceous  structure.  They  are  all  unisillcates, 
having  the  general  quantivalent  ratio  R+K :  Si  :  11=2  :  2  :  1,  the  water 
being  solely  water  of  crystallization.  The  varieties  diflPer  in  the  ratio 
of  the  bases  present  in  the  pi'otoxide  and  sesquioxide  states.* 


JBFFBRISrrB. 

Orthorhombic  (?).  In  broad  crystals  or  crystalline  plates.  Cleavage :  basal 
eminent,  affording  easily  very  tliin  folia,  like  mica.  Surface  of  platens  often 
triangularly  marKed,  by  the  crossing  of  lines  at  angles  of  60°  and  120°. 

1I.=1*5.  G.=2'30.  Lustre  pearly  on  cleavage  surface.  Color  dark 
yellowish-brown  and  brownish-yellow;  light  yellow  by  transmitted  light. 
Transparent  only  in  very  thin  lolia.  Flexible,  almost  brittle.  Optically 
biaxial ;  DesCl. 

Oomp.— Q.  ratio  for  R  :  R  :  Si :  H=2  :  3  :  5  :  2J,  and  E  +  R  :  Si :  H=2  :  2  :  1 ;  whence 
R4R2Si60ao+5aq.  Analysis:  Brush,  Westchester,  SiO,  37  10,  AID,  17-57,  FeO,  10*54,  FeO 
1-2C,  MgO  1905.  CaO  050,  Na-^O  tr.,  K^O  043,  HaO  13-70=100-87. 

P3rr.,  etCi.— When  heated  to  300''  C.  exfoliates  very  remarkably  (like  vermiculite) ;  B.B.  in 
forceps  after  exfoliation  becomes  pearly-white  and  opaque,  and  ultimately  fuses  to  a  dar-c 
gray  mass.    With  the  fluxes  reactions  for  silica  and  iron.     Decomposed  by  hydrochloric  acid. 

Obs. — Occurs  in  veins  in  serpentine  at  \VestcheBter,  Pa.     Plates  often  several  inches  across. 

Ptroscleritk.— Q.  ratio  f or  R  :  ft  :  Si  :  H=4  :  2  :  6  :  3,  and  for  R+H  :  Si  :  H=2  :  2  :  1. 
SUica  38'0«  alumina  14*8,  magnesia  34  0,  water  11*7=100.  Color  green.  Elba.  CnoKiCKiTE, 
also  Elba,  h^  the  ratio  3:2:5:2. 

VERMicuLrrE.— Q.  ratio  for  R  :  ft  :  Si :  H=4  :  2  :  6  :  3.  Milbury,  Mass.  Culsaobeitr. 
Q.  ratio  R  :  ft  :  Si :  H=2  :  1  :  1  :  1.  Jenk's  mine,  -N.  C.  Hallite,  same  ratio=2  :  1  :  3  :  2. 
East  Nottingham,  Chester  Co.,  Penn.  Peliiamite,  same  ratio=G  :  4  :  10  :  5.  Pelham, 
Mass.  Similar  mineral  from  Lemi,  Delaware  Co.,  Pa.,  above  ratio=6  :  4  :  10  :  5.  In  all  of 
the  above  R=Mg  mostly,  and  ft=Al  and  Fe. 

Kekrite.— Q.  ratio=6  :  3  :  10  :  10 ;  and  Maconite,  Q.  ratio=3  :  6  :  8  :  5,  are  both  from 
Culsogee  mine,  Macon  Co.,  N.  C.     Vaalitb,  Q.  ratio=6  :  3  :  10  :  4.     South  Africa. 

DiAB.vjJTiTE,  Hawes  (diabantachronuyn,  Liehr). — Fills  cavities  in  amygdaloidal  trap. 
Color  dark  green.  Q.  ratio  for  R  :  ft  :  Si  :  H=4  :  2  :  G  :  3,  but  iron  a  more  prominent  ingre- 
dient than  in  pyrosclerite  (see above).  Analysis  :  Hawes,  Farmington.  ('t.,  ^  SiOj  3^r08,  -^10% 
10*84,  FeO,  2*86,  FeO  24 -33,  MnO  0*38,  CaO  0*73,  MgO  1652,  Na^O  0*33,  HaO  1002=09-09. 


SUBSILICATES. 

Chlorite  Oroup, 

PBNNINITE.    Kiimmererite. 

Rhombohedral.      7?AJ?  =  65°  36',    (9Ai?=103°    55;    c=  3-4051. 

Cleavage;  basal,  highly  perfect.  Crystals  often  tabular,  and   in  crested 

groups.     Also  massive,  consisting  of  an  aggregation  of  scales ;  also  c(->ni- 
pact  cryptocrystalline. 

*  These  relations  were  brought  out  by  Cooke.     Proo.  Amer.  Aoad.,  Boston,  1874,  35 ; 
ibid.,  1875,  453. 
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DB8CEIPT1TK 


IT.=2-2'5  ;  3,  at  timcB,  on  edges.     G.  =  2fi-285.     Lustre  of  cleavage 

sTirfaee  pearly  ;  of  lateral  plates 

853  MS  viti  cone,  and  somettmes  briUiant, 

Cokir  green,  apple-green,  grasB- 

greei  I ,  gra  }■  ish-grecn ,  ol  i  ve-green ; 

also     leddii-li,    violet,    rose-red, 

pink,  grayieh-i-ed ;    occasionally 

ycllowisli  and  silver- white;  violet 

cnslals,     and     sumetinies     tlio 

green,    liyaeiiitli-red    l)y    traiis- 

milted  liglit  alung  the  vertical 

axis.     Transparent  tosubti-jiiisliK'ciit.    Laniiuii'  tioxihle,  not  elastic    Dimble 

refmction  feeble  ;  axis  eitlier  iit'giitive  or  positive,  and  sometimes  positive 

and  negative  in  different  laTninte  of  the  fiaino  plate  or  crvBtal, 

Oomp. — Q.  ratio  for  bfues  and  Hiticon  4  :  !t,  but  varying  from  4  :  3  to  0  :  4.  Exact  dedno- 
tioita  from  the  analfiiefl  cannot  bo  made  until  the  state  of  oxiilntioD  oF  the  iron  in  all  oaitee  I> 
anci'rtainpH.  AualyHU;  Schweizer,  truni  Zcrmati,  SiO,  3307,  ^10,  O-OS,  FeO  llitfl,  HgO 
R?;14,  H,O12M  =  ll0  08. 

Pyr.,  rt-.— In  the  closed  tube  yielUs  water.  B.B.  eifolintca  Bomewhat  and  ia  difficultly 
fnsible.  With  the  lluiea  all  varii'tien  (^ve  reactions  for  iron,  and  inanj  varieties  react  for 
chmminin.     Partially  tlecompoai'd  by  acldn. 

Obs. — Occnrs  with  serpentine  in  the  region  of  Zermatt,  Valais,  ncsjr  Ut.  Itosa ;  at  Ala, 
Piedmont;  at  Sohwnrzemitetn  in  the  Tyrol;  nt  Taberg' in  Wermland  ;  nt  Snorum,  XSm- 
mererite  in  found  near  Miask  in  the  Urals ;  at  Haioldiwiek  in  Unnt,  Shetland  Idles.  Aban- 
daut  at  Texa«.  Lancaster  Co.,  Fa.,  along  with  clinochlare,  some  crjetots  being  imbedded  in 
cltnncblore,  or  the  reverBe. 

The  following  names  belong  here  :  tiifiergtle ;  pimilopMte,  compact,  mosHiTe  {aHof^itt) ; 


liite. 


B  ohloritio  minerals,  occurring  under  eimi- 


RIPIBOLITB.    ClinochloK.    Klinochlor,  Germ. 


Monodinic.     C  =  C2° 


--OAi-!,  7  a  7=12.5°  37',   0  A  4-1  =  108° 
li' ;    c  :  h  :  d  =  1-47756  : 
fi-^.'  1-73195  ;1.      Cleavage:    O 

eminent ;  cryBtala  often  tab- 
ular, also  ol)loii" ;  frequent- 
ly rhoniboliedral  in  aspect, 
tlio  plane  angles  of  the 
base  being  l>0°  and  120°. 
Twins:  twinning-plaiie  *, 
making  stelbite  groups,  as  in 
f,  C5(l,  6.'i7,  very  common. 
Crj'stals  often  grouped  in 
rosettes,  ifesive  coarse  scaly 
granular  to  fine  granular  and 
earthy, 

11.^2-2-5.  G.=2-65-2-78. 
LuEti-e  of  cleavage-face  somewhat  jjcarly.  Color  deep  grass-green  to  olive- 
green;  also  i-ose-red.  Often  sti-ongly  dicbroic.  Streak  greenish-white  to 
nncotored.     Transparent  to  translucent.     Flexible  aud  somewhat  elastic. 


AcliniatOTsk. 
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Oomp.— Q.  ntio  foe  B  :  R  :  Si  :  H=6  :  8  :  6  :  4 ;  correspoiidms  to  UgiAlSiiOi(  +  4sq= 
Silica  32*.'),   alamiiu  18*S,   magnesia  SUH}, 
water  la-e^lOO.     SometJmefl  part  of  the  Mg 
ia  leploced  by  Fe. 

Pyr.,  etc.— Yields  water.  B.B.  in  the 
platinam  forceps  whitens  and  fuses  niUi 
difficulty  on  the  edges  to  a,  grayifh-biook 
elans.  With  borax  o  dent  glass  colored  by 
irun,  aiid  soraetinies  cllroinjam.  In  sul- 
phuric acid  wholly  decomposed.  The  variety 
from  ^Villimantic.  Ct.,  exfoliates  in  worm- 
like  forms,  like  vermicolitc. 

Obs.— Occurs  in  connection  with  chloritlo 
and  talcose  rocks  or  schist,  and  serpentine. 
Found    at    Aohmatovsk;    Schwarzenstein  ;  "™-"«™.  i«aa. 

Zillertlial  etc  ;  red  {txttefiiibrUe)  in  the  dis- 
trict of  Ufaleisk.  Sontheni  Ural;  at  Aln,  Piedmont;  at  Zermatt ;  at  Harienbere.  Saxony. 
In  the  U.  S,,  at  Westchester  and  UnianTille,  and  Texas,  Pa.  ;  Brewster,  N.  Y. 

Named  ripidotiCe  from  iiir:i!,  a  fun,  in  allusion  to  a  eonamon  mode  of  grouping  of  the  crys- 
tals. 

Lb^cmTEMtEnaiTE. — A  prochlorite  vith  the  protoxide  base  almost  wholly  magnesia. 
SlatouHt,  Urals. 

PROOHIiORITB. 

Ilcxafffrtial  CO-     Cleavage  :  basal,  eminent.     Crjstals  often  implanted  by 
tlieir  Bilk's,  and  in  divergent  gronpa,  fan-8lmped,  or 
s]iber(n(.lal.     Aleo  in  larfje  folia.     Massive  grannlar. 

ll.rr:l-3.  0.=a-7S-a-9G.  TranBliicenttoojiaqiie; 
ti-ansparent  only  in  very  thin  folia.  Ln&tre  of 
cleavage  snrfauo  feebly  jioarly.  Color  green, 
gmse-gi-eeii,  olive-grecTi,  blackisli-green ;  across  the 
Hxifl  by  transmitted  light  sometimes  red.  Streak 
Hucolored  or  greenish.  Laminie  flexible,  not  elastic. 
Donble  refi-action  very  weak ;  one  optical  negative 
axis  (Daiiphiiiy);  or  two  very  sliglitly  divei-ging,  apparently  normal  to 
plane  of  cleavage. 

Comp.— Q.  ratio  for  R  :  It :  Si :  H=13  :  0  :  14  :  Dt ;  for  bases  and  ulicon  .1  :  2.  Aveism 
com  (Htsiti  on = Silica  30*8,  alumina  19'T,  iron  protoxide  27'5,  magnesia  1G'3,  water  107=100. 

Pyr.|  etc— Same  as  Jor  ripidolite. 

Obs. — Like  other  cblorites  in  mode  of  occurrence.  Sometimes  in  implanted  crystals,  as  at 
St.  Gothord,  et«.  ;  in  the  Zillerthal,  Tyrol;  Traversella  in  I'icdinont;  in  Styria.  Bohemia. 
Al<io  matisive  in  Cornwall,  in  tin  veins  (whore  it  i^  called  paieh) ;  at  Arendal  in  Norway. 

CKI1N8TKDTITE.— Q.  ratio  R  :  H  :  Si  :  H=3  :  a  :  4  :  3.     Praibram;  Comwal!. 

STHKiovrrE,— Q.  ratio=3  ;  3  :  4  ;  3.  In  granite  of  Strisgan,  Silesia.  GuocilAUlTE  same 
locality. 


MAROARITB.    Perlgllmmor,  Germ. 

Oi-thorhombic  (?) ;  hemihedral,  with  a  inonoclinie  asjiect.     /A  /=  119°- 
120°.   Lateral  planes  horizontally  striated.  Cleavage : 
liasal,  cHiinonr.     Twins:  common,  coniixwition-face  650 

/,  and  fonning,  by  the  o-ossing  of  3  crystals,  gronps 
of  fi  sectors.  iTsually  in  intersecting  or  aggregated 
lamina* ;  sometimes  massive,  with  a  scaly  strnctiire. 

Il.=3-5-4-5.  G.=2-9i),  Hermann.  Lustre  of 
base  pearly,  laterally  vitreous,  C(jlor  grayigh,  red- 
dish-white, ycltowisli.    Traushicent,  subtranshicent.    Lamiiue  rather  brittle. 


836  DKSCEipnvE  mineralogy. 

Optic-axial  angle  very  obtuse ;  plane  of  axes  parallel  to  the  longer  diagonal ; 
dispersion  feeble. 

Oomp. — Q.  ratio  for  R  :  R  :  Si  :  H=l  :  6  :  4  :  1 ;  whence,  if  the  water  be  basic,  for  bases 
and ailicon=2  :  1,  formula  RRSiOs ;  that  is,  HaCaAlaSijO,,.  Analysis,  Smith,  Chester,  Mass., 
SiOa  82-21,  AlOs  48-87,  FeO,  2-50,  MgO  032,  CaO  1002,  Na,0(KaO)  1*91,  H,0  4-61,  Li,0 
0-32,  MnO  0*20=100-96. 

Pyr.,  etc.— Yields  water  in  the  closed  tube.     B.B.  whitens  and  fuses  on  the  edges. 

Obs. — Margarite  occurs  in  chlorite  from  the  Greiner  Mts. ;  near  Sterzing  in  the  Tyrol ;  at 
different  localities  of  emery  in  Asia  Minor  and  the  Grecian  Archipelago ;  ^^nth  corundum  in 
Delaware  Co.,  Pa.;  at  Unionville,  Chester  Co.,  Pa.  (earundelfite) ;  in  Madison  Co.  {eUng- 
manite),  and  elsewhere  in  North  Carolina  ;  at  the  emery  mines  of  Chester,  Mass. 


OHIiORITOID. 


Monoclinic,  or  triclinic.  /A  /'  about  100°  ;  O  (or  cleavage  surface)  on 
lateral  pbines  93°-95°,  DesCl.  Cleavage :  l)asal  perfect :  parallel  to  a 
lateral  plane  imperfect.  ITsually  coai-sely  foliated  massive ;  folia  often 
curved  or  bent,  and  brittle;  also  in  thin  scales  or  small  plates  disseminated 
through  the  containing  rock. 

II.  =  5*5-6.  Ct.=3*5-3'C).  Color  dark  gray,  greenisli-gray,  greenish- 
black,  grayish-black,  often  grass-green  in  very  thin  i)lates ;  strongly  dichi-oic. 
Streak  uncolored,  or  gi-ayish,  or  very  slightly  greenish.  Lustre  of  surface 
of  cleavage  somewhat  pearly.     Brittle. 

Var. — 1.  The  original  cfdoriUn'd  (or  chloritspath)  from  Kossoibrod,  near  Katharinenbaig  in 
the  Ural.  2.  The  tSistnondiru:,  from  St.  Marcel.  8.  Muftonitc,  from  Natic,  R.  L,  in  very 
broad  plates  of  a  dark  grayish-green  color.  The  Canada  mineral  is  in  smaU  plates,  one-fourth 
in.  wide  and  half  this  thick,  diKseniiuatcd  through  a  schist  (like  phyllite),  and  also  in  nodules 
of  radiated  structure,  half  an  inch  through.  That  of  Gumuch-Dagh  resembles  sismondine,  is 
dark  green  in  thick  folia  and  gprass-green  in  very  thin. 

Oomp, — Q.  ratio  for  R  :  fl  :  Si  :  11=^1  :  :j  :  2  :  1.  for  most  analyses.  Analysis  by  v.  Kobell, 
Bregratten,  SiQ.,  2G19,  tVIO,  38-;}0,  FeOa  (>  00,  FeO  21  11,  MgO  3:)0,  H,0  5-50=100-40. 

Pyr.,  etc  — In  a  matrass  yields  water.  B.B.  nearly  infusible ;  becomes  darker  and  magne« 
tic.  Completely  decomposed  by  sulphuric  acid.  The  masonite  fuses  with  difficulty  to  a  dark 
green  enamel. 

Obs. — The  Kossoibrod  chloritoid  is  associated  with  mica  and  cyanite  ;  the  St.  Marcel  occurs 
in  a  dark  green  chlorite  schist,  with  garnets,  magnetite,  and  pyrite ;  the  Rhode  Island,  in  an 
argillaceous  schist ;  the  Chester,  Mass. ,  in  talcose  schist,  with  emery,  diasporc.  etc. 

PhyUite  (and  ottrelite)  closely  resembles  chloritoid,  though  the  analyses  hitherto  made  show 
a  wide  discrepancy,  perhaps  from  want  of  purity  in  the  material  analyzed.  Occurs  in  small, 
oblong,  shining  scales  or  plates,  ui  argillaceous  schist  Color  blackish  gray,  greenish-gray, 
black.  Phyllite  occurs  in  the  schist  of  Sterling,  Goshen,  Chesterfield,  Plainfield,  etc.,  in 
Massachusetts,  and  Newport,  R.  I.  (neiCjm'tUe).     OftreUU  is  from  a  similar  rock  near  Ottres. 

Seybeutite. — Orthorhombic.  1  .\  I  =  120\  In  tabular  crystals,  sometimes  hexagonal; 
also  foliated  massive  ;  sometimes  lamellar  radiate.  Cleavage :  basal  perfect.  Structure  thin 
foUated,  or  micaceous  parallel  to  the  base.  H.  =4-5.  G.  =3-3-1 .  Lustre  pearly  submetallic. 
Color  reddish-brown,  yellowish,  copper-red.  Folia  brittle.  Analysis,  Brush,  Amity,  SiOj 
20-24,  A103:^9-18.  FeO,  3-27,  MgO20-84,  CaO  13G9,  H,0  1-04.  Naa0;K,0)  1-43,  ZrO,0-76= 
100*39.     Amity,  N.  Y.  {cUntonitc);  Fassathal  {brandrnte)',  SlalouRt  {xant/iophj/lUte). 

CoRUNDOPiiiLiTE. — A  chlorite  with  the  Q.  ratio =1  :  1  :  1  :  J.  Occurs  with  corundum  at 
Asheville.  N.  C;  Chester,  Mass. 

DuDLEYiTK. — Alteration  product  of  margarite.     Clay  Co.,  N.  C. ;  Dudleyville,  Ala. 

Wii.LCoxiTE. — Near  margarite.  Decomposition  product  of  corundum.  Q.  ratio  f or  R  :  fi  : 
Si :  11=3  :  6  :  5  :  1. 

TiiuiUNGiTE.— Q.  ratio  2:3:3:2.  Contains  principally  iron  (Fe  and  Fe).  Hot  Springs, 
Arkansas ;  Harper's  Feny  {owetiiU).     FaUersonite  from  Unionville,  Pa.,  near  thuringite. 


OZTOEH  OOMPOUHDS. — TAMTALATE8,  OOLUHBATSS. 


2.  TANTALATES,  COLUMBATES. 


P7BOOHLORB. 

Isometric.  Commonly  in  octahedrons.  Cleavage:  octahedral,  some- 
times  distinct,  especially  in  the  Birialler  ciTstala.  . 

H.=5-5-.'>,  G,=+'2-4-35.  Lustre  vitreous  or  resinous.  Color  brown, 
dark  reddish-  or  blackish-brown.  Streak  light  brown,  yellowish-brown. 
Subtranslucent — opaque.     Fracture  conchoidaj. 

Oomp. — A  cotnmbate  of  calcium,  ceiinm,  and  otlier  bases  in  T&T7iiig  smonnto.  AnalysiB, 
by  lUmineUber^,  Brerig,  Cb,0,  58-2T,  TiO,  5i!8,  ThO,  4-90,  CeO  5-50,  CaO  10-93,  PeO(UO.) 
6-53,  Ntt,0  6'3l,  Pli-75,  H,0  I-53=10110. 

Obs. — Oooun  is  syenite  at  FriederiobsTarn  and  Laarrig,  Norway ;  Bt  Bievig ;  neai  Miaak 
in  the  Uials ;  KaiserBtahl^birge  in  Bieiagau  (koppiU) ;  with  Mmandute  in  N.  Carolina  (Q.= 
4'7t)4,  ohemioal  chonotei  unknown). 

H1CR01.1TB. — la  minnte  yellow  octahedrons  in  feldspar.  0',=G'5.  Near  pjrrochlore,  bat 
probably  containing-  more  toutiUum  pentoxide.      Chesterflald,  Mass. 

PYBRlin'E.— In  isometric  octahedrons.  Color  orange-yellow.  Chemical  character  nn- 
known.  From  Mnrsinsk  in  the  Urol.  A  mineral  supposed  to  be  similar  from  the  Asores 
contaioH  esiientiallj.  according  to  Hayes,  colarabiom,  zirconium,  etc. 

Azoarrs. — In  minnte  Mtragooal  octahedroos  resembling  lircon.  From  the  Azores  in  albite. 
Chemicnl  chanMter  nnksown. 


TANTAUTB. 

Orthorhombic     Observed   planes  as  in   the  fignre.     /A  7 
(9  A  14  =  122°  Si';  6:1:  a  =  1-5967  ;  1-2247  : 1.     Oa 
fi  =  117°  2',  VIA  1-a  =  143"  64',  1-3  A 1-2,  adj.,  =  141° 
48',  t-lAt-f  =  118°   33'.      Twins:   twinning-plane   i-I, 
common.     Also  massive. 

lI,  =  6-6-5.  G.=;7-8.  Lustre  nearly  pure  metallic, 
somewhat  adamantine.  Color  in>u-black.  Streak  red- 
dish-brown to  black.    Opaque.    IJiittle. 

Oomp.,  Var. — A  tantaUte  either  (1)  of  iron,  or  {3)  of  iron  and 
mnugiknese,  or  (3)  a  stanno-tantal ate  of  these  two  bases.  Formula 
Fe(MD)Ta,Og.  Bn  is  also  often  present  (as  FeSnO,.  acoording  to  Ram. 
TDelaberg),  and  some  of  the  tantalum  ix  otten  replaoed  by  oolumbiam. 
Analysis,  Karam.,  Tammela  (G.=7-;}84),  Ta,0.  78*84,  Cb,0.  7-54, 
SnOj  0'70.FeOlB-fi0,  MnO  l-43=:B9-90.  Other  varieties  contain  much 
more  Cb,Oi,  the  kinds  shade  Into  one  another. 

Pyr.,  eto — B.B.  nnalteied.  With  borax  alowly  diwolTed,  yielding  an  iron  glass,  which,  at 
a  certain  point  of  saturation,  gives,  when  treated  in  B.F.  and  subsequentlj  Qamed.  a  gfray- 
ish-white  bead;  if  completely  satnrstnl  bccomca  of  Itself  clondy  on  cooling.  With  sidt  of 
pboaphoniB  dissolves  slowly,  giving  an  iron  (^asB,  whioh  in  B.F.,  If  ftee  from  tungsten,  is 
pale  yellow  on  cooling  ;  treated  with  tin  on  charcoal  it  beoomes  green.  If  tungsten  is  present 
the  bead  is  dark  red,  uid  is  unchanged  in  color  when  treated  with  tin  on  charcoal.  With 
soda  and  nitre  gives  a  gieenish-blue  manganese  reaction.  On  oharooal,  with  soda  and  soffi- 
deot  borax  to  dissolve  the  iron,  gives  in  B.F.  metallio  tin.  Deoompoeed  on  fnaion  mth: 
23 
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potassium  bisulphate  in  the  platinum  «poon,  and  gives  on  treatment  with  dilute  hydrochlozio 
acid  a  yellow  solution  and  a  heavy  white  powder,  which,  on  addition  of  metallic  zinc,  assumes 
a  smalt-blue  color  ;  on  dilution  with  water  the  blue  color  soon  disappears  (v.  Kobell). 

Obs. — Tantalite  is  confined  mostly  to  albite  or  oligoclase  granite,  and  is  usually  associated 
with  beryl.  Occurs  in  Finland,  at  several  places ;  in  Sweden,  in  Fahluo.  at  Broddbo  and 
Finbo ;  in  France,  at  Chanteloube  near  Limoges,  in  pegmatite ;  in  North  Carolina. 

Named  Tantalite  by  Ekcberg,  from  the  mythic  Tantalus,  in  playful  allusion  to  the  difficul- 
ties (tantalizing)  he  encountered  in  his  attempts  to  make  a  solution  of  the  Finland  mineral  in 
adds. 

OOUJMBVVhl.    Niobile.     Ferroilmenite. 


Orthorhombic.       /A  7=101°    26',    6^Al-t  =  134°    63*'; 
1-003S  :  1-2225  : 1.      Oa  VI  =  140°  36',    O  A  1-s  =  138°   26', 
104°  30',  1-3  A  1-3,  adj.,  =  151°,  i-3  A  /-3,  ov.  i-l,  =  135°  40',  i-2  A  i-2,  ov. 
=  135°  30'.    Twins:  twiniung-i)laiie  2-1    Cleavage:  i-l  and  i-l,  the  fori 
most  distinct.     Occurs  also  rarelv  massive. 


c  :b:  d  = 
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Haddam. 


Middletown,  Conn. 


Greenland. 


II. =6.  G.=5*4-0-5.  Lustre  subnietallic ;  a  little  sliining.  Color  iron- 
black,  brownish-black,  grayish-black  ;  often  iridescent.  Sti-eak  dark  red  tx> 
black.     Opaque.     P'mcture  subconchoidal,  uneven.     Brittle. 

Oomp.,  Var. — FeCbafTaaX)*!.  with  some  manganese  replacing  part  of  the  iron.  The  ratio 
of  Cb  :  Ta  generally —JJ  :  1  (Bodenmais,  Haddam),  sometimes  4:  1,  8:  1,  10:  1,  etc.;  in  the 
Greenland  columbite  the  TaaOs  is  almost  entirely  absent. 

Analyses,  Blomstrand,  (I)  Haddam  ^G.-6  15),  (2)  Greenland  (G.=5  395). 


(1) 
(2) 


Cb,0» 
51-53 
77-97 


TavO, 

28-55 


WO, 
0-70 
013 


SnOa 
0  34 
0-73 


ZrOa 

0-34 
013 


FeO        MnO        H3O 

13-54        4-97        016=100-10 
17-33        3-51  — =  99-80 


Pyr.,  etc. — Like  tantalite.  Von  Kobell  states  that  when  decomposed  by  fn.sion  with 
caustic  potash,  and  treated  with  hydrochloric  and  sulphuric  acids,  it  gives,  on  the  addition  of 
zinc,  a  bine  color  much  more  lasting  than  with  tantalite ;  and  the  variety  dianite^  when 
similarly  treated,  gives,  on  boiling  with  tin-foil,  and  dilution  with  its  volume  of  water,  a 
sapphive-blue  fluid,  whUe,  with  tantalite  and  ordinary  columbite,  the  metallic  acid  remainn 
undissolved.  The  variety  from  Haddam,  Ct,  is  ]iartially  decomposed  when  the  powdered 
mineral  is  evaporated  to  dryness  with  concentrated  sulphuric  acid,  its  color  is  changed  to 
white,  light  gray,  or  yellow,  and  when  boiled  with  hydrochloric  acid  and  metallic  zinc  it  g^ves 
a  beautiful  blue.  The  remarkably  pure  and  unaltered  columbite  from  Arksut- fiord  in  Green- 
land is  also  partially  decomposed  by  sulphuric  acid,  and  the  product  gives  the  reaction  test 
with  zinc,  as  above. 

Obs. — Occurs  at  Rabenstein,  Bavaria;  at  Tirschenreuth,  Bavaria ;  at  Tammela  in  Finland ; 
at  Chanteloube,  near  Limoges  ;  near  Miask  in  the  Ilmen  Mts.;  at  Hermanskiir,  near  Bjorakar, 
in  Finland ;  in  Greenland,  at  Eyigtok. 


EN  COStPOtraDS. — TATJTALA.TES, 


louth,  N.  H.  ;  'Greenfield'  N.  V. 

The  Connecticut  crystals  arc  uaaall;  mthet  fragile  from  partial  oliaiiKe ;  nhila  those  of 
Greenland  and  of  Maine  are  vei?  firm  and  haid. 

IlKiiMANNOLiTB  (ShepiLcd), — -From  the  columbiM  locality  at  Hoddam,  Ct,  and  a  Tariety  of 
columliite  due  to  alteration.  G,^5~8i>.  Supposed  b;Eennaim  to  contain  "ilmenium"  pent- 
oxide  (11.0,1. 

Tapkjlitb.— TetrngonaL  c  =  -fl464  (mtQe  c=-6443).  FoTa^Cb,)0,,  uith  Ta  :  Cb=4  :  1. 
Tammela,  Finland. 

Hjei.mite.— A  Btanno-tantalate  of  iioo,  nraniom  and  yltnom.  Masaive.  Color  black. 
Near  Fahlun,  Sweden. 


TTTROTAMTAUTB.    Blaok  TttrotautaUte. 


Orthoi-hoiiibic.  /a  /=  123°  10' ;  i>  A  3-i  =  103°  26 
:  l*!i4S2  : 1.  Crystals  often  tabular  parallel  to  i-l. 
Alt^o  massive ;  amorphous. 

II,=5-5-5,  G.=5-J-59.  Lustre  siibmetallic  to 
vitreous  and  greasy.  Color  black,  browu.  Streak 
gray  to  colorless.  Opaque  to  sub  translucent.  Frac- 
ture Bmall  conclioidal  to  granular. 


■.b:d=  20934 


<1  /? 


Oomp.— Mostly  R3(Ta,Cb),0,.  with  two  eqiiivaleats  of  water, 
perhaps  from  alteration ;  E=Fe  :  Ca  :  Y(Er.Ce)=;l  r  2  :  4.  Con- 
tnining  nlso  WOi  and  SnOs.  AnalysiB  lOainin.).  Ttterby.  Ta^Oc 
46  at,  Cb,0.  I2-33,  SnO,  1-13,  WO,  8-36,  VO-,  1-0I,YO  10-53,  EiO 
G-71,  FeOa-80.  Ce0  2-22.  Ca  573.  H,0  G-31-98  05. 

Pyr.,  etc.— In  the  closed   Cube  yields  water  and  tninH  yellow.  Ytterby. 

On  intense  ignition  becomes  white.  B.B.  infusible.  With  salt  of 
pbuRiihotna  dissolvei  with  ti  Qist  a  separation  of  a  white  skeleton  of  tantalum  pentoiidti, 
wliich  with  a  strong  heat  is  also  dissolved  ;  tho  block  variety  from  Ytterby  gives  a  glass  faintly 
tinteil  rose-red  from  the  presence  of  tungsten.  With  soda  and  borax  on  charcoal  gives  traoee 
of  metallic  tin  (Benelios).  Not  decomposed  by  acids.  Decomposed  on  f  nsion  with  potas- 
sium hinulphate.  and  whm  the  product  is  boiled  with  bydrychloric  aoid,  metAltio  xincgivesa 
piUe  blue  color  to  the  solution  which  soon  fades. 

Obs — Occurs  in  Sweden  at  Ytterby ;  at  the  Kararfvet  mine,  etc,,  near  Fahlun. 


SAMARBKITB.     ITranotantolite. 


Oi-tlioi-hombic.  Ia  1=122°  iC/ 
lS;i3  :  1.  Crystals  often  tlattened 
liariillet  to  i-t,  also  less  often  t<i  I'-t. 
Also  ill  ki-ge  in-egular  masses  (S. 
Caitiliim).  In  flattened  imbedded 
grains  (L'rals). 

I[.^.r5-6.  G.=5-614-5-75;5-45 
-5'6i),  Xortb  3i«(^ia.  Lustre  of 
Biirl'iice  of  fracture  sliiutiig  and  snb- 
nietaJlic.  Color  velvet-black.  Streak 
(lark  red  dish- brown.  Opaque.  Frac- 
tiiru  subcoiichoidal. 
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Cb«0»  TfttOs  WOs  SnO,  ThOJbO^ZO^  XnO  FcO     CeO*     TO    CiO    H«0 


1.  Mitdiell 

Ca,  y.  C,  37»  18^ 0-08 1^4B  0-T5  10-«0    4«    U-4B  M5  112= 

UO,  100-tS 

2.  Miaak,  47  47   1^  0-06  SHK  4«  1^^0-M  11  «f  3111    12«  0^  0^ 

1^  0-14=«9^ 

t  With  OtB  Cna 


Pyr.,  tftc. — ^In  the  dosed  tnbe  deciepiftKtea,  gioira  Eke  gidolmite,  cxscIeb  Oftm,  wmd  toziis 
UacK,  and  is  of  diminished  dennij.  BwR  fnaea  on.  tiie  edg<ee  to  m  biadc  g^aak  With  Voiax 
in  O.P,  fpwet  m  yeUofirieh-freen  to  red  beod*  in  R.F.  a  j^law  to  gieeuiiih-Madk»  which  on 
flamfng  becomes  opsqae  imd  jellowiah-bTOwn.  With  salt  of  phos^^oras  in  bo4h  flames  mn 
emenUd-green  bead.  With  soda  jielda  a  maziganese  reaction.  Decomposed  oo  fosion  with 
potassiiun  bisnlf^iate,  jielding'  a  jeilow  mass  which  on  treatniient  with  dilute  hTdrodiloric 
acid  aepazatea  white  tantaJle  acid,  and  on  boilini^  with  metallic  snc  gires  a  fine  bine  odor. 
Samankite  in  powder  is  also  tofBcienti  j  decomposed  on  boiling  with  concentrated  solphnric 
add  to  gire  the  bine  rednetion  teat  when  the  aod  fluid  is  treated  with  raietallir  line  or  tin. 

Ohs.  Occnra  in  reddish-brown  feldspar,  near  Miask  in  the  Ural ;  the  pieces  having  the 
size  of  hazel-nnta.  In  masses,  sometimes  weighing  20  lbs.,  in  the  decomposed  fddspar  of  the 
mica  mines  of  western  North  Carolina,  espedallj  in  Mitchell  Co.  At  both  localities  it  is 
often  intimately  aanodated  with  colnmbite ;  at  Miask  the  czTstals  of  the  latter  qpecies  are 
sometimes  implanted  in  parallel  position  npon  those  of  the  aamarsidte. 

NOHLITK, — Near  samacakite,  bat  contains  4*62  p.  c.  water.    Nohl,  Sweden. 


Orthorhombic.  Fonn  a  rectangular  prism  with  lateral  edges  replaced, 
and  a  pyramid  at  summit.     Cleavage  none.     Commonly  massive. 

II.=6'5.  G.=4'60-4'99.  Lustre  brilliant,  metallic-vitreons,  or  some- 
what greasy.  Color  brownish- black ;  in  thin  splinters  a  reddish-brown 
translncence  lighter  than  the  streak.  Streak-powder  yellowish  to  reddish- 
brown.     Fracture  subconchoidal. 

Oomp.— According  to  Bammelsberg  2RTiOs  +  RCb,0«+aq ;  here  B=Y,F«.U  mostly. 
Analysis,  Ramm.,  Arendal,  Cb,0»  35-09,  TiO,  21  16,  Y0  27*48,  Er0  3  40,  UO,  4*78,  Ce03-17, 
FeO  1  38,  H,0  2  63=99  63. 

Obs. — Occnrs  at  Jolster  in  Norway  ;  near  Tyedestrand  ;  at  Alve,  island  of  Tromoen,  near 
Arendal ;  at  Moretjiir,  near  Naskilen.     North  Carolina. 

Named  by  Hcheerer  from  cif(cror,  a  stranger^  in  allnsion  to  the  rarity  of  its  occnrrence. 

-^SCHYNITE. — Orthorhombic.  H.=5-6.  G. =4*9^ '14.  Lnstre  snbmetallic  to  resinons, 
nearly  dnll.  Color  nearly  black.  Streak  gray.  Fracture  small  subconchoidal.  Analysis, 
Ramm.,  Cb,0»  28  81,  TiO,  22  64,  SnO,  018,  ThO,  1575,  Fe0  317,  CeO  18  49,  LaO(DiO) 
5-60,  YO  1  12,  CaO  275,  H,0  1  -07=99  58.  In  feldsiMu:  with  mica  and  lircon.  Miask  in  the 
Urals. 

PoLYMiONiTE.— Orthorhombic.  In  slender  crystals.  H-=6-5,  G.=4-77-4-85.  Lustre 
brilliant.  Color  black.  Streak  dark  brown.  Fracture  perfect  conchoidaL  Composition 
doubtful.     FredericksYom,  Norway.     Perhaps  identical  with  seschynite  (Frankenheim). 

PoLYCRABK.— Orthorhombic.  H.=5-5.  G.  =5 -09-5- 12.  Lustre  bright.  Color  black. 
Streak  grayish-brown.  Fracture  concboidal.  Analysis,  Ramm.,  CbiO*  20  35,  Ta^O*  400, 
TiO,  26-59,  YO  23  32,  FeO  2-72,  CeO  2  61,  UOa  770  H,0402=98-84.  In  crystals  in  granite 
at  Hitteroe,  Norway. 

Mknoite. — Occurs  in  short  prisms.  H.  =5-^*5.  G.=5*48.  Color  iron-black.  Contains 
drconium,  iron,  titanium.     In  granite  veins  in  the  Ilmen  Mts. 

RUTHBRFORDITB.— Doubtful ;  contains  titanium,  cerium,  etc.     Rutherford  Co. ,  N.  C. 


FBRGU80NITE.    Yellow  Yttrotantalite.     Tyrite.     Bragite. 

Tetragonal,  hemiliedral.     O  A 14  =  124°  20' ;  i  =  1-464.     Cleavage :  1, 
in  distinct  traces. 


OXYGEN  COMPOUNDS. — TANTALATE8,  OOLUMBATE8. 
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H.=5-5-6.     G.=5-838,  Allen;  5-800,  Tunier.     Lustre  externally  dull, 
on  the  fracture  brilliantly  vitreous  and  siibmetallie. 
Color  brownish-black;  in  thin  scales  pale  liver-brown. 
Streak  pale  brown.     Subtrauslucent — opaque.     Frac- 
ture imperfect  conchoidal. 

Oomp. — According  to  Rammelsberg,  essentiaUy  2Ba(Cb,Ta)aO«. 
Analysis,  Ramm.,  Greenland,  CbsO*  44*45,  Ta,0»  6*80,  SnO,  0*47, 
WOa  015,  YD  24-87,  BrO  9  81,  Ce  7-63  (5-63  LaO,DiO),  UO,  258, 
FeO  0*74,  CaO  0-61,  HsO  1-49-9910.  The  amount  of  water  varies 
from  1  '40-7  p.  c,  and  is  regarded  by  Bammelsberg  as  arising  from 
alteration. 

Obs. — FergusoniU  occurs  near  Gape  Farewell  in  Greenland,  dis- 
seminated in  quartz.  Also  found  at  Ttterby,  Sweden  ;  in  Silesia. 
Bragite  is  from  Helle,  Alve,  and  elsewhere  in  Norway.  Tyrite  is 
associated  with  euxenite  at  Hampemyr  on  the  island  of  Tromoe, 
and  Helle  on  the  mainland ;  at  NaBskul,  about  ten  miles  east  of 
Arendal. 

KocHELrrB. — Near  fergusonite.     In  yellow  square-octahedrons  and  crusts  in  granite. 
Kochelwieseh,  near  Schreiberhau,  Silesia. 

Adelpholite. — A  columbate  of  iron  and  manganese,  containing  41*8  p.  o.  of  metallic 
acids,  and  9*7  p.  c.  of  water.    Tetragonal    H.  =8 '5-4 '5.     G.=8'8.     Tammela,  Finland. 
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DESCBIPTIYE  MINEBALOGT. 


3.  PnOSPIIATES,  ARSENATES,  VANADATES,  ETC. 

Anhydrous  PnospnATES,  Arsenates,  etc. 

ZENOnMB.    Ytterspath,  Qerm. 

Tetragonal.     0M  =  138^"*  45' ;  ^  =  0-6201.     1  A  1,  pyrani.,  =  124°  26' ; 

basal,  =  82^  30'.     Cleavage :  I,  i)erfect. 
668  II.=4-5.       G.=:4*45-i-5r).       Lustre    resinous. 

Q^lor  yellowish-brown,  nnMish-bi-own,  hair-brown, 
flesh-red,  grayish- white,  pale  yellow  ;  streak  j)ale 
brown,  yellowish,  or  redciish.  Opaque.  Fi-actui-e 
uneven  and  splintery. 


Oomp.— Y',PaOs=Phosphorufl  pentoxide  (PaOs)  37-87,  yttria 
6213=100. 

Pyr.,  etc. — B.B.  infnaible.     When  moistened  with  salphuric 

acid  colors  the  flame  bluish-green.     Difficultly  soluble  in  salt 

of  phosphorus.     Insoluble  in  acids. 

OIm. — From  a  granite  vein  at  Hitteroe  ;  at  Ytterby.  Sweden  ;  St*  Gothard  ;  Binnenthal. 

In  the  U.  S.,  in  the  gold  washings  of  Clarksvillc,  Georgia ;  in  McDowell  Co.,  N.  C;  in  the 

diamond  sandd  of  Bahia,  Brazil.     The  icistnne  of  Kenugott  has  been  shown  by  Klein  to  be 

octahedrite  (vide  p.  255). 

Cryptolitb  i^PJioHpIiocerite). — CejP-0<»  (with  some  Di),  like  monazite.     Occnrs  in  minute 
grains  imbedded  in  apatite  at  Arendal ;  Siberia. 


AjHitite  Grouj). 


APATITB. 


Hexagonal ;  often  heniihedral.     6^  A  1  =  139°  41'  38",  Kokscharof ;  c  = 
0-734603.    O  A  2-2  =  124°  14^'.   Cleavage :  O,  imperfect ;  /,  more  so.    Also 
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St.  Gothard. 


globular  and  renifoi-m,  with  a  fibrous  or  imperfectly  columnar  structure  ; 
also  massive,  structure  granular. 


OXYGEN   COMPOUNDS. — PHOSPHATES,   AB8ENATES,   ETC.  343 

H.  =5,  sometimes  4*5  when  massive.  G.:^2*92-3-25.  Lustre  vitreous, 
inclining  to  subresinous.  Streak  white.  Color  usually  sea-green,  bluish- 
green  ;  often  violet-blue;  sometimes  white ;  occasionally  yellow,  gray, red, 
flesli-red,  and  brown  ;  none  bright.  Transparent — opaque.  A  bluish 
opalescence  sometimes  in  the  direction  of  the  vertical  axis,  especially  in 
white  varieties.     Cross  fracture  couchoidal  and  uneven.     Brittle. 

Var.  — 1.  Ordinary.  CrystaUized,  or  cleavable  and  granular  massive,  {a)  TYxq  oftparagus 
atone  (originally  from  Murcia,  Spain)  and  moroxiU  (from  Arendal)  are  ordinary  apatite.  The 
former  was  yellowish-green,  as  the  name  implies  ;  the  latter  was  in  greenish-blue  and  bluish 
crystals  ;  and  the  names  have  been  used  for  apatite  of  the  same  shades  from  other  places. 
2.  Fibrous,  concretiondry,  stuUictitic.  The  name  Ph^phorite  was  used  by  Kirwan  for  all  apatite, 
but  in  his  mind  it  especially  included  the  fibrous  concretionary  and  partly  scaly  mineral  from 
Estremadura,  Spain,  and  elsewhere.  3.  Fluor-apatiU,  C/Uor-ajHiUte.  Apatite  also  varies  as 
to  the  proportion  of  fluorine  to  chlorine,  one  of  tiiese  elements  sometimes  replacing  nearly  or 
whoUy  the  other. 

Comp. — The  formulas  of  the  two  varieties  are  SCasPjOH-i- CaCU= Phosphorus  pentoxi<le 
4003,  lime  53-80,  chlorine  6  82 =101 -54  ;  and  3CaaPi08-f-CaFa=Pho8phoru8pentoxide  42  2(5, 
lime  55*55,  fluorine  3*77=101*58.  Sometimes  both  calcium  chloride  (CaCtj),  and  calcium 
fluoride  (CaF-.),  are  present. 

Pyr.  etc. — B.B.  in  the  forceps  fuses  with  difficulty  on  the  edges  (F.=4*5-5),  coloring  the 
flame  reddish -ycUow  ;  moistened  with  sulphuric  acid  and  heated  colors  the  flame  pale  bluish- 
green  (phosphoric  acid) ;  some  varieties  react  for  chlorine  with  salt  of  phosphorus,  when  the 
bead  has  been  previously  saturated  with  copper  oxide,  while  others  give  fluorine  when  fused 
with  this  salt  in  an  open  glass  tube.     Gives  a  phosphide  with  the  sodium  test. 

Dissolves  in  hydrochloric  and  nitric  acid,  yielding  with  sulphuric  acid  a  copious  precipitate 
of  calcium  sulphate  ;  the  dilute  nitric  acid  solution  gives  with  lend  acetate  a  white  precipi- 
tate, which  B.  B.  on  charcoal  fuses,  giving  a  globule  with  crystalline  facets  on  cooling.  Some 
varieties  of  apatite  phosphoresce  on  heating. 

Diff. — Characterized  by  its  hexagonal  form.  Distinguished  by  its  softnes?  ftrom  beryl ; 
does  not  effervesce  with  acids  like  the  carbonates  ;  unlike  pyromorphite,  yields  no  lead  B.B. 

Obs. — Apatite  occurs  in  rocks  of  various  kinds  and  ages,  but  is  mo-t  common  in  metamor- 
phic  crystalline  rocks,  especially  in  granular  limestone,  granitic  and  many  metalliferous  veins, 
particularly  those  of  tin,  in  gneiss,  syenite,  homblendic  gneiss,  mica  schist,  beds  of  iron  ore ; 
occasionally  in  serpentine,  and  in  igneous  or  volcanic  rocks ;  sometimes  in  ordinary  stratified 
limestone,  beds  of  sandstone  or  shale  of  the  Silurian,  Carboniferous,  Jurassic,  Cretaceous,  or 
Tertiary  formations ;  also  iu  microscopic  crystals  in  many  igneous  rocks,  doleryte,  etc.  It 
has  been  observed  as  the  petrifying  material  of  wood. 

Among  its  prominent  localities  are  Ehienfriedersdorf  in  Saxony ;  region  of  St.  Gothaxd 
in  Switzerland;  Mussa-Alp  in  Piedmont;  tJntersulzbachthal  and  elsewhere  in  the  Tyrol; 
Bohemia ;  in  England,  in  OomwaU,  with  tin  ores ;  in  Cumberland ;  in  Devonshire  ;  at  Wheal 
Franco  (frnncolite),  etc.  The  variety,  ynoroxiU,  occurs  at  Arendal,  Suarum,  etc.,  in  Norway. 
The  asjMtragus  stone  or  SpargeUtein  of  JumiUa,  in  Muroia,  Spain,  is  pale  yellowish-green  in 
color ;  and  a  variety  from  Zillerthal  is  wine-yellow.  The  pho»})1ioritet  or  massive  radiated 
variety,  is  obtained  abundantly  near  the  junction  of  granite  and  argillyte,  in  Estremadura, 
Spain  ;  at  Schlackenwald  in  Bohemia;  at  Krageroe,  etc. 

In  Mnss.t  at  Norwich;  at  Bolton,  and  elsewhere.  In  Neio  York,  in  St.  Lawrence  Co.,  in 
granular  limestone;  in  Rossie;  Sanford  mine,  Easex  Co.;  near  Edenville,  Orange  Co.  In 
New  Jerney^  near  Suckasunny,  ;  Mt  Pleasant  mine,  near  Mt.  Teabo ;  at  Ilurdatown,  Sussex 
Co.  In  Peun.^  at  Leiperville,  Delaware  Co.;  in  Chester  Co.  In  Ddiumre^  at  Dixon*8  quarry, 
Wilmington.  In  Canada^  in  North  Elmsley,  and  passing  into  South  Burgess ;  similur  in 
Ross ;  at  the  foot  of  Calumet  Falls ;  at  St.  Boch,  on  the  Achigan. 

Apatite  was  named  by  Werner  from  iirarduy  to  deceive^  older  mineralogists  having  referred 
it  to  aquamarine,  chrysolite,  amethyst,  fluor,  schorl,  etc. 

Obteolitb  is  massive  impure  altered  apatite.  The  ordinary  compact  variety  looks  like 
lithographic  stone  of  white  to  gray  color.     It  also  occurs  earthy.     Hauau. 

Guano. — Guano  is  bone-phosphate  of  calcium,  or  osteolite,  mixed  with  the  hydrous  phos- 
phate, brushite,  and  generally  with  some  carbonate  of  calcium,  and  often  a  litUe  magnesia, 
alumina,  iron,  silica,  gypsum,  and  other  impurities.  It  often  contains  0  or  10  p.  c.  of  water. 
It  is  often  granular  or  oolitic ;  also  compact  through  consolidation  produced  by  infiltrating 
waters,  in  which  case  it  is  frequently  lamellar  in  structure,  and  also  occasionally  stal  «gmitic 
and  stalactitic.  Its  colors  are  usually  grayish-white,  yellowish  and  dark  brown,  and  some- 
times reddish,  and  the  lustre  of  a  surface  of  fracture  earthy  to  resinous. 


344  DKSCRIPnVE  mineraloot. 

PnosPHATic  NoDULBB.  G0PROLITE8. — Phoephatio  nodules  occnr  in  many  foasiliferoiu 
rocks,  which  are  probably  in  all  cases  of  organic  origrin.  They  sometimes  present  a  spiral  or 
other  interior  stractare,  derived  from  the  animal  organization  that  afforded  them,  and  in 
such  cases  their  ooprolitio  origin  is  unquestionable.  In  other  cases  there  is  no  structure  to  aid 
in  deciding  whether  they  are  true  ooprolites  or  not. 

PTROMORPHTTB    Griinbleierz,  Oerm, 

Hexagonal.  Hemihedral.  (?  A 1  =  139°  38' ;  c  =  0-7362.  Cleavage  : 
1  and  1  in  tractes.  I  (commonly  striated  horizontally.  Often  globumr, 
reniform,  and  botryoidal  or  verruciform,  with  usually  a  subcolnmnar  struc- 
ture ;  also  fibrous,  and  granular. 

H.=3*5-4.  G.=6*5-7'l,  mostly  when  without  lime;  5-6*5,  when  con- 
taining lime.  Lustre  resinous.  Color  green,  yellow,  and  brown,  of  diflFer- 
ent  shades ;  sometimes  wax-yellow  and  fine  orange-yellow ;  also  grayish- 
white  to  milk-white.  Streak  white,  sometimes  yellowish.  Snbtranspareut 
— subtranslucent.     Fracture  subconchoidal,  uneven.     Brittle. 

Comp. — Analogous  to  apatite,  SPbsPsOi, -|-PbCla= Phosphorus  pentoxide  15*71,  lead  oxide 
82*27,  chlorine  2*02=100*60.  Some  varieties  contain  arsenic  replacing  part  of  the  phosphorus, 
and  others  calcium  replacing  the  lead. 

Pyr.,  etc. — In  the  closed  tube  gives  a  white  sublimate  of  lead  chloride.  B.B.  in  the  forceps 
fuses  easily  (F.  =  1'5),  coloring  the  flame  bluish-green  ;  on  charcoal  fuses  without  reduction 
to  a  globule,  which  on  cooling  assumes  a  crystalline  polyhedral  form,  while  the  coal  is  coated 
white  tfom  the  chloride,  and,  nearer  the  assay,  yellow  from  lead  oxide.  With  soda  on  charcoal 
yields-aietallic  lead  ;  some  varieties  contain  arsenic,  and  give  the  odor  of  garlic  in  R.  F.  on 
charooal.  With  salt  of  phosphorus,  previously  saturated  with  copper  oxide,  gives  an  azure- 
blu^  color  to  the  flame  when  treated  in  O.F.  (chlorine).     Soluble  in  nitric  acid. 

DtfC — Characterized  by  its  high  specific  gravity,  and  pyrognostics. 

OHm. — Pyromorphite  occurs  principally  in  veins,  and  accompanies  other  ores  of  lead .  Occurs 
in  Saxony  ;  at  Przibram,  Mies,  and  Bleistadt,  in  Bohemia ;  near  Freiberg  ;  Claiisthal  in  the 
Harz  ;  at  Nassau;  Beresof  in  Siberia ;  Cornwall,  Derbyshire,  and  Cumberland,  in  England; 
Leadhills  in  Scotland  ;  Wicklow,  and  elsewhere,  Ireland.  In  the  U.  S.  at  Phenixville,  Penn.; 
also  in  Maine,  at  Lubec  and  Lenox ;  in  Davidson  Co. .  N.  C. 

The  figures  produced  by  etching  (see  p.  118)  show  that  pyromorphite  is  hemihedral  like 
apatite  (Baumhauer). 

Named  from  iri>p,  firey  ftop^^,  formy  aUuding  to  the  crystalline  form  the  globule  assumes  <m 
cooling. 

MIMBTmi.    Mimetesite. 

Hexagonal.     (^  A 1  =  139°   58' ;  c=  0*7276.      Cleavage  :  1,  imperfect. 

II.=3-5.      G.=7-0-7-25,   mimetite;    5-4-5-5,  hedy- 
^71  phane.     Lustre  resinous.     Color  pale  yellow,   passing 

^  into  brown  ;  orange-yellow  ;  white  or  colorless.    Streal 

white  or  nearly  so.     Subtransparent — translucent. 
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Comp.— Formula  SPbsAsaOe 4- PbCU= Arsenic  pentoxide  2320, 
lead  oxide  74-06,  chlorine  2-39=100-55.  Generally  part  of  the 
arsenic  is  replaced  by  phosphorus,  and  often  the  lead  in  part  by  cal- 
oium. 

Pyr.  etc.— In  the  closed  tube  like  pyromorphite.  B.B.  fuses  at  1, 
and  on  charcoal  gives  in  R.  F.  an  arsenical  odor,  and  is  easily  reduced 
to  metallic  lead,  coating  the  coal  at  first  with  lead  chloride,  and 
later  with  arsenous  oxide  and  lead  oxide.  Gives  the  chlorine  reac- 
tions as  under  pyromorphite.  Soluble  in  nitric  acid. 
Obs. — OocuTB  at  several  of  the  mines  in  Cornwall ;  in  Cumberland.  At  St.  Prix  in  France ; 
at  Johanngeorgenstadt ;  at  Nertschinsk,  Siberia.    At  the  Brookdale  mine,  Phenixville,  Pa. 
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Mimetite  is  hemihedral  like  apatite  and  pjromorphite,  as  shown  by  etching  (Baumliauer). 
Named  from  ftifttrr^j,  imUator,  it  closely  resembling  pyromorphite. 

Hedyphane. — A  variety  containing  much  calcium.    Camfylite  contains  much  lead  phos- 
phate. 


VANADINITE. 

Hexagonal.  In  simple  hexagonal  prisms,  and  prisms  terminating  in 
planes  of  the  pyramids  ;  1  A  1,  over  terminal  edge,  142°  58',  O  Al  ^  140° 
34\  /a  1  =  130°.     Usually  in  implanted  globules  or  incrustations. 

11. ='2-75-3.  G.= 6-6623-7.23.  Lustre  of  surface  of  fracture  resinous. 
Color  Wirht  brownish-yellow,  straw-yellow,  reddish-brown.  Streak  white  or 
Yellowish.  Subtrauslucent — opaque.  Fracture  uneven,  or  flat  conchoidal. 
^Brittle. 

Oomp.— Formula  SPbsVaOa+PbCla = Vanadium  pentoxide  19-30,  lead  oxide  78 "70  chlorine 
2 -50 =100 -56. 

Pyr.,  etc. — In  the  closed  tube  decrepitates  and  yields  a  faint  white  sublimate.  B.B.  fuses 
easily,  and  on  charcoal  to  a  black  lustrous  mass,  which  in  B.F.  yields  metallic  lead  and  a  coat- 
ing of  chloride  of  lead;  after  completely  oxidizing  the  lead  in  O.F.  the  black  residue  gives 
with  salt  of  phosphorus  an  emerald -green  bead  in  R.F.,  which  becomes  light  yellow  in  O.F. 
Gives  the  chlorine  reaction  with  the  copper  test.     Decomposed  by  hydrochloric  acid. 

If  nitric  acid  be  dropped  on  the  crystals  they  become  first  deep  rcKl  from  the  separation  of 
vanadium  pentoxide,  and  then  yellow  upon  its  solution. 

Obs. — This  mineral  was  first  discovered  at  Zimapan  in  Mexico,  by  Del  Rio.  Since  obtained 
at  Wanlockhead  in  Dumfriesshire ;  also  at  Beresof  in  the  Ural ;  and  near  Kappel  in  Carinthia. 


DBCHENrrE.— PbVtOe  (or  with  some  Zn) = Vanadium  pentoxide  45  1,  lead  oxide  54-9=100. 
Massive.  Color  deep  red.  Dahn,  near  Niederschlettenbaoh,  Rhenish  Bavaria.  Freiberg  in 
Brei^au  {e\i9ynehUe), 

Descloizite.— PbaVaOT=Vanad  um  pentoxide  291,  lead  oxide  70-9=100.  Orthorhombia 
South  America.     Wheatley  Mine,  Penn. 

PuciiERiTE  [Frejizd). — Orthorhombic,  near  brookite  in  form  (Webski/),  Occurs  in  small 
implanted  crystals.  Color  reddish- brown.  In  comp>oeition  a  bismuth  vanadate,  Biy04= 
Vanadium  pentoxide  28*3,  bismuth  oxide  71  '7.    Pucher  mine,  Schneeberg,  Saxony. 


KoACOELFFE. — Ooonrs  in  thin  micaceous  scales,  arranged  in  stellate  or  fan-shaped  groups. 
Color  dark  brownish-green.  Soft  G.  =2938  (Genth) ;  2*902  (Roscoe).  Analyses  ;  1.  Ros- 
coe  (Proc.  Roy.  Soc.,  May  10,  1876);  2.  Genth  (Am.  J.  ScL,  July,  1876). 

SiOa      V,06  AlO,      FeO,  MnO,    MgO     CaO      K,0    Na^O      H  O 

1.  141-25      28-60  14-14      113  115      2-01      0-61      856      082       1-08 

moisture  2-27=101-62 

2.  47  09      22  02V«Oii      1410      1*67  FeO       200       tr.       759      019ign.4-96 

0-85  gangue=100-22 

The  above  analyses,  made  upon  material  derived  from  the  same  source,  differ  widely, 
especially  in  regard  to  the  state  of  oxidation  of  the  vanadium.  Ctenth  makes  it  V60ii  = 
2V'j09,  VaO».  The  formula  given  by  Roscoe  is  2A:lVaO|i  +  KiSisOao  -r  aq.  Found  in  fissures  in 
the  porphyry,  and  in  cavities  in  quartz  at  the  gcUd  mine  at  Granite  Greek,  El  Dorado  Co., 
Cul.     Named  by  Dr.  Blake,  who  diioovered  lU 
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WAGNBBITB. 

^  Monocliinc.  C  =  71°  53',  /A  /=  95°  25',^  0  A  l-l  =  144°  25',  B.  &  M. ; 
h  \h  \  a^=^  0*78654  :  1-045  :  1.  Most  of  the  prismatic  planes  deeply  striated. 
Cleavage  :  I^  and  the  orthodiagonal,  imperfect ;   O  in  traces. 

H.=5-5-5.  G. =3*068,  transparent  crystal;  2*985,  untrausparent,  Ram- 
melsbcrg.  Lustre  vitreous.  Streak  white.  Color  yellow,  of  different 
shades  ;  often  grayish.  Translucent.  Fracture  uneven  and  splintery  across 
tlie  prism. 

Oomp. — ^Mg3PaOs+MgFa= Phosphorus  pentoxide  43*8)  magnesia  37*1,  fluorine  11*7,  mag- 
nesium 7*4=100. 

Pyr.,  etc. — B.B.  in  the  forceps  fuses  at  4  to  a  greenish-gn^j  glass  ;  moistened  with  sulphu- 
ric acid  colors  the  flame  bluish-green.  With  borax  reacts  for  iron.  On  fusion  with  soda 
effervesces,  but  is  not  completely  dissolved  ;  gives  a  faint  manganese  reaction.  Fused  with 
salt  of  phosphorus  in  an  open  glass  tube  reacts  for  fluorine.  Soluble  in  nitric  and  hydro- 
chloric acids.     With  sulphuric  acid  evolves  fumes  of  iluohydric  acid. 

Ob«. — Occurs  in  the  valley  of  Hollgraben,  near  Werfen,  in  Salzburg,  Austria. 

Kjerulfine  (p.  Kobell). — Stands  near  wagnerite,  but  exact  nature  uncertain.      In 
of  a  pale  red  color  at  Bamle,  Norway. 


MONAzrri]. 


Monoclinic. 
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C=i  76°  14',  /A  /=93°  10',   OAl'l  =  138°  8';  cihid 

=  0-94715  :  1-0265  :  1.     Crvs- ' 
tals  usually  flattened  parallel  to 
iri.     Cleava^^e  :  O  very  perfect, 
and   brilliant.      Twins:    twin- 
ning plane  O. 

II.  =  5-5-5.  G.  =  4-9-5-26. 
Lustre  inclining  to  resinous. 
Color  brownisli-hyacintli-red, 
clove-brown,  or  yellowish- 
brown.  Subtransparent — sub- 
translucent.     Eather  brittle. 


Norwich,  Ct. 


Watertown,  Ct 


Oomp. — According  to  Rammelsberg, 
5R,PaO^-+-Th3PaOB,  where  R=Ca,La, 
Di  Analysis  by  Kersten,  Slatoust, 
P,05  28-50,  ThO,  17-95,  SnO,  2  10,  CeO  20  00,  LaO  23-40,  MnO  1-8(3,  CaO  1'68,  K.Oand  TiO, 
tr.  =  l01-4d. 

Pyr.,  etc. — B.B.  infusible,  turns  gray,  and  when  moistened  with  sulphuric  acid  colors  the 
flame  bluish-green.  With  borax  gives  a  bead  yellow  while  hot  and  colorless  on  cooling ;  a 
saturated  bead  becomes  enamel-white  on  Haming.     Difficultly  soluble  in  hydrochloric  acid. 

Diff. — Its  brilliant  basal  cleavage  is  a  prominent  character,  distinguishing  it  from  tita- 
nite. 

Obs.— Monazite  occurs  near  Slatoust  in  the  Dmen  Mtn.  ;  also  in  the  Ural ;  near  Notero  in 
Norway ;  at  Schreiberhau.  In  the  United  States,  with  siUimanitc  at  Norwich  ;  at  Yorktown, 
Westchester  Co.,  N.Y.;  near  Crowder's  Mountain,  N.  C. 

Name^  from  fioinCu^  f/>  be  ttolUary,  in  allusion  to  its  rare  occurrencfe. 

TURNERITE. — Identical  with  monazite,  as  first  suggested  by  Prof.  J.  D.  Dana.  Occurs  in 
minute  yeUow  to  brown  crystals,  rarely  twins,  at  Mt.  Sorel,  Dauphiny ;  Santa  Brigritta, 
Tavetsch  ;  Lercheltiny  Alp,  Binnenthal:  Laacher  See  (v.  Hath.),  c  :  b  \  (i= -921096  :  1  : 
0-958444.     C.  =77°  18'  (Trechmann). 

KoKARPVErrK  {Eadaminski). — A  cerium  phosphate  containing  fluorine;  near  monazite. 
Occurs  in  large  crystalline  masses  of  a  yeUowish  color  at  Korarfet  near  Fahlun,  Sweden. 
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TRIFHTUTB.    Triphfline. 

Orthorhoinbic.     I^  1=  98°,  0  M-l  =  129°  33',  Tschermak ;  c:l:d  = 
1-211  :  1-1504  ;  1.      Facea  of   crystals   usually   uneven. 
Cleavage :     O    nearly    perfect    in    unaltered    crystale. 
Massive. 

II.=5.  G.=3*o4-3'6.  Subresinous,  Color  greenish- 
gray ;  also  bluish  ;  often  brownish -black  extenmily. 
8trcak  grayisli-wliite.     Translucent  in  thin  fragments. 


Comp.— RiP,0„  where  E=Fe,Mn.(Ca) and  Lii  iKj.iMa,).  Aoaljsia 
hj  Oextoit,  from  Bodenniaia,  P.O.  44'10,  FeO  38*31.  MdO  5'6ii.  MgO 
SuB,  CaO  07a,  LiaO  780,  Na,0  0'74,  K^O  0-(M,  SiO,  040-10005. 
The  aualysea  vary  mnch,  owing  to  the  impure  material  emjilojed. 

Pyr.,  etc — In  the  closed  tube  BometimeB  decrepitates,  tunta  to  a  Norwich, 

dark  coicr,  and  gives  off  traces  of  water.     Il.B.  fuues  at  1  a,  coloring 

the  rtame  beautiful  lithia-teii  in  strealu,  with  a  pale  bluish-greiin  on  the  eiteriot  of  the  oone 
of  flume.  The  coloration  of  the  flame  is  beet  seen  when  the  pulverised  mineral,  moiatetied 
with  sulphuric  acid,  is  treated  on  a  loop  of  platinum  wire.  With  hoiai  gives  an  iron  bead ; 
with  soda  a  reaction  for  manganese.     Soluble  in  hydrochloric  acid. 

Ob^. — Triphjlite  ooonis  at  Babenstein  near  Zwicsel  in  Bavaria ;  also  at  Keitjo  in  Finland ; 
Norwich.  Hbh& 

Named  from  r/ji;,  thrte-fald,  and  fvifi,  famUy,  In  aUusion  to  Its  containing  three  phos- 
phates. 

TRIPUTB.     Zvieselite. 

Orthorhombic.  Imperfectly  crystalline.  Cleavage:  unequal  in  three 
directions  perpendicular  to  eacli  other,  one  much  the  most  distinct. 

H.=5-5-5.  G.=3'44-3-!j,  Lustre  resinous,  inclining  to  adamantine. 
Ciilor  brown  or  black ish-bi-own  to  almost  black,  Sti-cak  yellowish- gray  or 
brown.     Sobtraiislucent — opaque.     Fracture  small  conchoidal. 

Oomp.— R,P;0,-(-KF, ;  R=Fe,  MnfCa),  Analysis,  v.  Kobell,  Sehlackenwald,  PiO.SSSS, 
FeO,  3-50,  Fe0  23-38,  MnO  30-00,  CaO  320.  Mg0  3fl5.  F=eiO=10iO!). 

Pyr.,  etc.— B.B.  fusee  easily  at  15  to  a  black  magTietic  globule  j  moiatenod  with  solphurio 
acid  cokirB  the  Hame  binish -green.  With  borax  in  O.F.  gives  an  amethystine  colored  gloss 
(manganese);  in  R.F.  a  strong  reaction  for  iron.  With  soda  reacts  for  manganese.  With 
eulpburic  acid  evolves  tluohydric  acid.     Soluble  in  hydrochloric  acid. 

Oba Found  by  Alluaud  at  Limoges  in  France,  with  apatite  ;  at  Peilan  in  Silesia. 

Zititflite.  a  dove-brown  variety,  was  found  near  Babenstein,  near  Zwiesel  in  Bavaria,  In 
qaartz  (O.  =307,  Fuchsl. 

S.iucurHiDE. — Near  triplito.     Tnlley  of  the  Mijhlbaoh,  Bileda. 

AMBLTGONTTB. 

Triclinic.  Cleavage:  0  perfect;  *-l  nearly  perfect,  angle  between  tlieso 
cleavages  lOiJ";  also  J  imperfect.  Usually  roasetve,  cleavable ;  sometimes 
colunmar. 

II. =6.  G.=3-3".ll.  Lustre  pearly  on  face  of  perfect  cleavage  (0); 
vitreous  on  i-i,  less  perfect  cleavage-face ;  on  cross-fracture  a  little  greasy. 
Color  pale  monutaiu  or  sea-green,  white,  grayish,  brownish- white.  Sub- 
traiiBpareiit — translucent.  Fracture  uneven.  Optical  axes  very  divergent ; 
plane  of  axes  nearly  at  right  angles  tot-i;  bisectrix  of  the  acute  angle 
negative,  and  parallel  to  the  edge  0/i^ ;  DeaCl. 
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Oomp.— Aooordiiig  to  Rammelsberg,  2AlP,0..+3Li(Na)F.     If  Na :  Li=l  :  4,  the  fdmrala 

requires  :   Phoephoros  pentoxide  49*24,  alomina  35*58,  lithia  6*!^  aoda 
3-23,  fluorine  9-88=10417. 

Pyr.,  etc. — In  the  closed  tube  yields  water,  which  at  a  hi^  heat  is 
acid  and  corrodes  the  glaf<8.  B.  B.  fuses  easily  at  2,  with  intumeacenoe, 
and  becomes  opaque-white  on  cooling.  Colors  the  flame  yellowiah-red 
with  traces  of  green ;  the  Hebron  variety  gives  an  intense  lithia-red ; 
moistened  with  8ulphuric  acid  gives  a  bluish-green  to  the  flame.  With 
cobalt  solution  assumes  a  deep  blue  color  (alumina).  With  borax  and 
salt  of  phosphorus  forms  a  transparent  colorless  glass.  In  fine  powder 
dissolves  easily  in  sulphuric  acid,  more  slowly  in  hydrochloric. 

Diff. — Distinguished  by  its  ea^  fusibility ;  reaction  for  fluorine  and 
lithia ;  greasy  lustre  in  the  mass,  etc. 

Oba. — Occurs  at  Chursdorf  and  Amsdorf ,  near  Penig  in  Saxony ;  alao 
at  Arendal,  yonray.  In  the  U.  States,  in  Maine,  at  Hebron  (hebronite), 
imbedded  in  a  coarse  granite  with  lepidolite,  albite,  quartz,  red,  g^^een, 
and  black  tourmaliue ;  also  at  Mt.  Mica  in  Paris,  8  m.  from  Hebron, 
with  tourmaline. 

The  name  is  from  afiSAic,  Uunt,  and  y6in,,  angle. 
Hebromte. — The  mineral  from  Hebron,  Me.  (see  above),  has  been 
shown  by  DesCloizeanx  to  differ  in  optical  character  (t*  >  /;)  from  the 
Penig  amblygonite.  On  this  ground,  as  well  as  on  account  of  a  variaticxn 
in  the  composition,  it  has  been  proposed  (v.  Kobell)  to  make  it  a  new  species.  The  same 
optical  character  imd  composition  belong  to  the  mineral  from  Montebras  (called  montebratits 
on  the  basis  of  an  erroneous  analysis).  Analysis  of  hebronite,  Pisani,  PaO*  46*65,  :[ilOs 
36*00.  LiaO  9*75,  H.O  4*20,  F  5-22=101  82. 

HEitDERiTE. — Supposed  to  be  an  anhydrous  aluminum-calcium  phosphate,  with  fluorine. 
Color  yellowish -white.     Ehrenfriedersdorf. 

DuKANGiTE.— Monoclinic  Cleavage  prismatic  (11 0=*  10).  H.=5.  G.=3-937-4*07.  Color 
bright  orange-red.  Analysis,  Hawes,  Arsenic  pentoxide  53 '11,  alumina  17*19,  iron  sesqoi- 
oxide  9*23,  manganese  sesquioxide  2-08,   soda  1306,   Uthia  0*65,  fluorine  7*67=102*99. 

Formula  BsHAsjO*  (with  one-ninth  of  the  oxygen  replaced  by  fluorine),  or  RA830ii-(-2RF. 
Here  B=Na  :  Li=10  : 1 ;  ft=Al  :  Fe  :  Mn=15  :  5  :  1.  Other  varieties,  having  a  lighter  color, 
have  Al :  Fe=5  :  1.     Occurs  with  cassiterite,  near  Durango,  Mexico  ^Brush). 


Hebronite,  Maine. 


Anhydrous  Antimonates. 


MoNiMOLiTE. — Mainly  an  antimonate  of  lead.     Yellow.     6.  =5*94.     Paisberg,  Sweden. 

Nadorite. — PbSbaOi -»- PbClj.  In  yellow  translucent  crystals.  H.=3.  G.=7'02.  Djebel- 
Nador,  province  of  Constantine,  Algiers. 

BoMEiTE. — An  antimonate  ^or  antimonite)  of  calcium.  Occurs  in  groups  of  minute  tetra- 
gonal crystals.     Color  yellow.     St.  Marcel,  Piedmont. 

RivoTiTE. — Contains  antimonic  oxide,  carbon  dioxide,  and  copper.  Amorphous.  Color 
yellowish-green.     Sierra  del  Cadi. 

Stibioferrite.  — Amorphous  coating  on  stibnite,  from  Santa  Clara  Co. ,  Cal.    Miztore  (?). 


Hydrous  Phosphates,  Arsenates,  etc. 


PHAHMACX)IJTB. 


Monoclinic.  /A 7=111°  6',  t-i  a  t-S  =  109°  26',  lAl  =  117°  24'. 
Cleavage :  ?4  eminent.  One  of  the  faces  1  often  obliterated  by  the  exten- 
sion of  the  other.  Surfaces  i-i  and  /-2  usually  striated  parallel  to  their 
mutual  intersection.  Rarely  in  crystals ;  commonly  in  delicate  silky  fibres 
or  acicular  crystallizations,  in  stellated  groups.  Also  botrjoidal  ana  stalac- 
titic,  and  sometimes  massive. 


OXYGEN   OOUFOITHDe. — PEOBPHATEa,   ABSENATES.    ETC.  849 

H.=2-25,     G,  =  2'64-9'73.     Lustre  vitreous ;  on  i-i  inclining  to  pearly. 
Color  white  or  grajieh ;  frequently  tinged  red 
by  arsenate   of  wjhalt.     Streak  white.     Trana- 
Incent — opaque.     Fracture  uneven.     Thin  lami- 
na; flexible. 


Oomp.~2HCaAEOi+SBq=AiBemo  pentoxicle  Sl'l,   lime 

34-9,  water  34'0=  100. 

Pyr.,  etc — In  the  closed  tuba  yields  w«ter  and  become* 
opaque.     B.B.  in  O.F.  taaea  with  intumeacence  to  a.  white 
ewunel.  and  colors  the  flame  light  blue  (arsenic).     On  char- 
coal in  R  F,  ^ves  arsenical  fumeB.  and  (uses  to  a  aemi-traDBparent  globule,  sometimeB  tinged 
bine  from  traces  of  oobalt.     The  ignited  mineral  reaote  alkaline  to  t«at  paper.     Insoluble  in 
waWr,  bnt  readily  soluble  in  acids. 

Obi.— Found  with  aisenical  ores  of  cobalt  aud  diver  at  Wittichen,  Baden;  at  Andreasberg, 
and  at  Riechelsdort  and  Biebe:  ;  at  Joanhimathal. 

This  species  was  named,  in  allusion  to  its  containing  aiBenio,  from  fipiioitap,  potion, 

Strutitr. — An  ammonium- magnesium  phosphate  containing  13  equivalents  of  water.  In 
guano  front  Snldanha  Ba;,  Africa. 

HAIl>INOEHiTE.—HCaAaO;-(-aq.— Arsenic  peutoiide  58'1,  lime  28-3,  water  18-6=100. 
Joachinuthal  (f ). 

Brushitb.— HCaPO,(B,P,0,)  +  2aq=Pho«phomB  pentoiide  41-3,  lime  S3-6,  water  6*1  = 
100.     MonoclinJc.     O.  — 3  SOS.    On  guano  at  Avea  Island  and  Sombrero. 

METABitUHUiTa. — 2UCaP0,+Uaq.  0.=:3'33.  Sombrero.  Ornithktte.  Probablx altered 
bmahite, 

CiiUKcnlTE.— K,P50,-t-4aq,  with  E=CeiIH),Ca.     Cornwall. 

WArPLERiTK  {Freitid). — TrioUnio.  In  minute  crystaJe  and  in  inoruatations.  Color  white. 
Composition  H,CB.Mg)AsO,+Taq  =  (Ca  :  Mg— 4  :  8>  arsenic  pentoxide  48-7,  lime  13'5,  mag- 
nesia T  :<,  water  >IOS=100.  Found  with  pharmacolite  at  Joaobimsthal.  Sohrauf  states  that 
rcettlei-iU  ia  a  paeudomoiph  after  wapplerite. 

HiERtlEsiTii. — Monoolinic.    Color  snow-white.     Compoution  MgiAB,0a  +  3aq.     From  the 

PiCROrHARifACOLITE.— HonooUnia     Ca](Mg,]A8iO.-l-6aq.     Blechelidorf ;  Freiberg. 


VlVlAMrFB. 

Monoclinic.     C  =  75"  34',  /a  /  =  108°  2',  1  A 1  =  120" 
•935792  :  1-33369  : 1 ;  v.  Eath.    Surface  i-l  smooth,  othere 
striated.     Cleavage :   i-l,  highly  perfect ;  i-i  and  i-i  in 
traces.     Often  renifonn  and  globular.     Structure  diver- 
gent, fibrous,  or  eartliy ;  also  incmsting. 

II.  =  l-5-2.  G.=2-58-2-C8.  Lustre,  i-i  pearly  or  me- 
tallic pearly ;  other  faces  vitreous.  Color  white  or  color- 
less, (tr  nearly  so,  when  unaltered  ;  often  l)lue  to  green, 
deepening  on  exposure;  usually  green  when  seen  per- 
pendicularly to  the  cleavage-face,  and  blue  transvei-sely  ; 
the  two  colors  mingled,  producing  the  ordinary  dirty  blue 
color.  Streak  colorless  to  bluish-white,  soon  changing  to 
indigo-blue;  color  of  the  dry  powder  often  liver-hrown. 
Transparent — translucent;  becoming  opaque  on  expo- 
sure. Fracture  not  observable.  Thin  laminee  flexible. 
Sectile. 

Oomp.— FetPiOi-f-8>q=Fhoq>hora* pentoxide  388,  iron  protoxide 4S-0,  vnter  2B-7=i10. 


^^ 
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Pyr.,  etc. — In  tbe  o1o«ed  tube  yields  neutral  water,  whitens  and  exfoliatea.  B.B.  ftuea  kt 
1  '5,  coloring  the  flame  bluinh-gToen,  U)  a  grayish-bltick  magnetic  globulo.    With  the  Qiixet 

teactx  for  iron.     Soluble  in  hy druchloiic  itcid. 

Din. — Dietinguiahing  characteFH  :  deep  Ijlue  color;  aoftneu;  solubility  io  acid. 

Obs. — OccuTH  associated  with  pyrrhotitc  and  p}^te  in  copper  and  liii  veiiui ;  in  beds  at 
<Allj,  and  aometimea  associated  willi  li  •  onite.  or  bog  iron  ore ;  often  in  cavities  of  foBsilB  or 
buried  bonod.  Occurs  at  Wheal  FalmouLh.  and  elsewhere  in  Cornwall ;  in  DeTOnahire,  near 
Tavistock ;  nt  Bodemnais.  The  earthy  variety,  called  iliif  iivii  anrth  or  nalive  Pruitiaa  blut 
occnrs  in  Greenland,  Carinthia.  Cornwall,  etc     At  Cransac,  France. 

In  N.  America,  it  (fCCuTB  in  JVffiri/rriHjr,  at  Allcntown ;  at  Fmnklin.  Also  in  iJcLiuMm,  near 
HiddletowD  ;  near  Cape  flenlopen.  In  Mnri/biiiil,  in  the  north  part  of  Somerset  and  Wor- 
cester Cos.     In  Virginia,  in  Stafford  Co.     In  Citnada.  with  limonite  at  Tandrenil,  abnDdaul. 

LuDLAMlTE  (^'(rfrf).— Monoclinic.  H.=;t  4.  (!.  =  3-l2.  Color  clear  green,  from  pale  to 
dark.  Trannparent,  briLiant.  CompoKilion  £FeiP,0,  +  IIgFeOt  +  SBq=PhoaphoraB  pentoxide 
20-88,  iron  protoiide  5300,  water  17-IJO  =  100.     ComwaU. 

BRTTHRrm.    Cobalt  Dloom.     Kobaltbliltha,  Oerm. 

Mouocliiiic     C=70''54', /A/=111M6'  (5 A 14=  146"  19';  c:h:d 
=  0-9747  :  ISSIS  ;  1.     Surfaws  i-i  and   \-i  veilically 
678  Striated.     Cli;ftVR<;e :  i-\  hi{!;hly  perfect,  i-i  and  1-i  iiidis- 

tiiiet.  Also  in  filobular  and  renifonn  slmpes,  having  a 
dniBj  siii-fai;e  and  a  wilumnar  structure ;  eonietJnius  stel- 
late.    Also  jiulverulent  and  eartliy,  inurnsting. 

lI.=:l'5-2'5  ;  the  lowest  on  i-'i.  G.=2-y4S.  Lnstre 
of  ^-t  pearly ;  other  faces  adamantine,  inclining  to  vitre- 
ous; aUo  dull  and  earthy.  Color  criniKon  and  peaeh- 
rod, sometimes  pearl-  or  green ish-gi-ay  ;  red  linta  incline 
to  hluc,  perpendicular  t<)  eleavage-faee.  Streak  a  little 
])alcr  tlian  the  color  ;  the  dry  jxiwder  deep  lavender- 
bine.  Transparent — anhtranslncent.  Fracture  not  ob- 
servable.   Tliin  hiniinu;  flexible  inone  direction.    Sectile, 

Oomp.— CojA»iO,-i-8»q  =  ArBeo!c  poutoiido  3840,  cobalt  oxide  3758,  water  24  04  ;  Co 
often  [inrtly  replaced  by  Fe,Ca,  or  Ni. 

Pyr.,  etc — In  the  closed  tube  yields  water  nt  a  gentle  heat  and  turns  blnish  ;  at  a  higher 
heat  gives  off  arsenuuB  oxide,  which  condenses  iu  ciystals  on  the  coo]  glass,  and  tbe  reaidoe 
has  a  dark  gray  or  black  color.  U.B.  in  the  forceju)  fuses  at  2  to  a  gray  bead,  and  colors  the 
flame  light  blue  (arseaic).  B.B.  on  charcoal  gives  an  arsenical  odor,  and  fuses  to  a  dark  gray 
aratnidu.  which  with  borax  gives  the  deep  blue  color  characteristic  of  cobalL  Soluble  in 
hydnicldonc  acid,  giving'  a  rosc-rt^l  solution. 

Ob.* — Ocriirs  at  Schneeberg  in  Saxony  ;  nt  Saalfcld  in  Thuringia  ;  Wolfach  and  Witticbeu 
in  Undcn;   tludiim  in  Kcrway ;  at  Alleiuout  in  Dauphiiiy;  in  Cornwall,  at  the  Botallaok 

Erylbrite,  when  abundant,  is  valuable  for  the  luanufactnre  of  smalt.  Named  from  ifoSpit, 
red. 

EoiKMTE.— Triclinic  (Sohr.-.ut).  Usual Iv  in  comploxtwincnstals.  H.  =3-,').  O.  =3-585 
-3-7;i«.  Color  rose-red.  ComjiOHitiou  R>As-0.i-3ai|  (oraaql,  with  ]l=Ca,Mg.  and  Co.  Ana- 
lysis. Winkler.  As,0>  49-00,  CoO  13-4.'i,  CaO  3:1-72,  MgO  4-ii7,  II,0  !l-OU=:100-4i).  Found  at 
Schn<>rbcT^.  Saxony  ;  the  cryslnis  from  tlio  Dnnii.-l  Mine  have  a  lighter  color  than  those  of  the 
Itipix'td  .Mine,  tho  latter  containing  less  cobalt  and  more  caluium. 

WiNKt.KRn-K.— Contains   ABjO.,Cu,(.^o,l'e,Co,N'i,Ca,H,0,CO„   etc.      Miiture(?).       Pria, 

KiTTlGlTE, — -Xear  erjthrite,  but  contains  linc.     Schneebei^. 

ANN.\nh.noiTE  (Nickdbliithe,  Utnn.). — NiiA8:0.  +  Saq= Arsenic  pentoxide  38-6,  nickel 
oxide  :)7  2,.  watet  24-2=100.  Soft,  earthy.  Color  apple-green.  AUcmonC  ;  Annaberg  ; 
Itiechelsdorf. 

Hi'msAULITE — k  hydrous  iron-manganeBe  phosphate, 'OSMmriug  io  cavities  iu  triphylite 
at  Limoges.  France. 

CiTONuiiAnsEMiTB. — Yellow  grains  in  borite ;  probably  a  manganese  arseaiate.  Faisbe^, 
Sweden. 
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UBETHENTTl]. 

Orthorhombic.     /A  /=  92°  20',  O  M-l  =  143°  60' ;  c:b:d  =  0-7311 
:  1*04:16  :  1.      Crystals    usually    octahedral    in    aspect. 
Cleavage :  diagonal,  i-l,  i-ty  very  indistinct.     Also  globu- 
lar  or  reniform,  and  compact. 

n.=:4.  G.=3'6-3-8.  Lustre  resinous.  Color  olive- 
green,  generally  dark.  Streak  olive-green.  Translucent, 
to  subtranslucent.  Fracture  subconchoidal — uneven. 
]'>rittle. 


Oomp. — Cu4P20»4-aq,  or  Cn»PsO*B-|-H,CnO«  (Ramm  )=Phosphoru8 
pentoxide  29 '7,  copper  oxide  06*5,  water  3*8=100. 

Pyr.,  etc. — In  the  closed  tube  yields  water  and  tnms  black.  B.B. 
fuses  at  2  and  colors  the  flame  emerald -green.  On  charcoal  with  soda 
gives  metaUic  copper,  sometimes  also  an  arsenical  odor.  Fused  with 
metallic  lead  on  diarcoal  is  reduced  to  metallic  copper,  with  the  forma- 
tion of  lead  phosphate,  which  treated  in  R.F.  gives  a  crystalline  polyhedral  bead  on  cooling. 
With  the  fluxes  reacts  for  copper.     Soluble  in  nitric  acid. 

Obs. — Occurs  at  Libethen,  in  Hungary  *  at  Rheinbreitenbach  and  Ehl  on  the  Rhine ;  at 
Nischne  Tagilsk  in  the  Ural ;  in  Bolivia  ;  ChilL 


Orthorhonibic.  /a/=92°30',  6^  A  1-1=^  144°  14';  c 
1*044G  :  1.  Cleavage:  /  and  14  in  traces.  Sometimes  aci- 
cular.  Also  globular  and  reniform,  indistinctly  fibrous, 
fibres  straight  and  divergent,  rarely  promiscuous;  also 
curved  lamellar  and  granular. 

IL=r3.  G.=4-l-4*4.  Lusti*e  adamantine — vitreous;  of 
some  fibrous  varieties  pearly.  Color  various  shades  of  olive- 
green,  passing  into  leek-,  siskin-,  pistachio-,  and  blackish- 
green  ;  also  liver-  and  wood- brown  ;  sometimes  straw-yellow 
and  grayish-white.  Streak  olive-green — biown.  Subtrans- 
parent — opaque.  Fracture,  when  observable,  conchoidal — 
uneven.    Brittle. 


l:d  =  0-72 
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Oomp.— Cu4AsaO»-l-aq=CuaAsa08-l-H«CuOj  (Ramm. )=  Arsenic  pentoxide  4066,  copper 
oxide  56  15,  water  3-19=100. 

Pyr.,  etc. — In  the  closed  tube  gives  water.  B.B.  fuses  at  2,  coloring  the  flame  bluish-green, 
and  on  cooling  the  fused  mass  appears  crystalline.  B.B.  on  charcoal  fuses  with  deflagration, 
gives  off  arsenical  fumes,  and  jields  a  metallic  arsenide,  which,  with  soda  yields  a  globule  of 
copper.     With  the  fluxes  reacts  for  copper.     Soluble  in  nitric  acid. 

Obs. — The  crystallized  varieties  occur  in  many  of  the  CornwaU  mines ;  near  Tavistock  in 
Devonshire  ;  also  at  Alston  Moor  in  Cumberland  ;  at  Camsdorf  and  Saalf eld  in  Thuringia ;  the 
T^Tol ;  the  Bannat ;  Siberia ;  Chili ;  and  other  places. 

Adamitk.— Zn3As,0aH-HiZn0i=Arscnic  pentoxide  402,  zinc  oxide  50*7,  water  31=100. 
Color  yellow.     Chauarcillo,  Chili ;  Cap  Garonne. 

Taoilitk— Cu4Pa09  +  3aq  (=Cu8p20ri-+-HaCuOj+2aq).  Color  emerald-green.  Nischne- 
Tagilsk.  IsoCLASiTE.  Ca^PaO^-hSaq  (=Ca3PaOs-hHaCaOa-|-4aq).  Colorless  to  snow-white. 
Joachimsthal. 

ErcnuoiTE. — CuaAsaOj-l-HjCuOa-l-Oaq  (Ramm. )= Arsenic  pentoxide  341,  copper  oxide 
47*2.  water  18  7 =100.     Color  emerald -green.     Libethen,  Hungary. 

CiiLOKOTiLE. — CujAsaOo-l-Oaq.  In  capillary  crystals.  Also  fibrous;  massive.  Color  apple- 
green.     In  quartz  at  Schneeberg  and  Zinnwald  ;  Thuringia;  Chili  {Irremel). 

Vkszklyite  {SchrayJ). — A  hydrous  copper  phosphate  :  composition  4Cu3PaOg-|-5aq.  Tri- 
clinic.     Occurs  in  ciystalline  eroBts  on  a  gamet-rock  at  Morawicza  in  the  Bannat. 
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XJROOONITB.    LioBenen,  Oerm. 

MonocHnic.  lAl=74t''  21',  DesCl.  ^^=88°  33'.  Cleavage  lateral, 
but  obtained  with  diflSculty.     Earely  granular. 

11. =2-2-5.  G.= 2*88-2 -98.  Lustre  vitreous,  inclining  to  resinous. 
Color  and  streak  sky-blue — verdigris-green.  Fracture  imperfectly  con- 
choidal,  uneven.     Imperfectly  sectile. 

Oomp.— Formula  Cu,(Al)  AB2(P,)0,»+H«(Cu,,iVl)Oe-l-9aq,  with  On,  :  Al=3  :  2,  and  Aa  : 
P=l  :  4.  This  requires  arsenio  pentoxide  23*1,  phosphorus  pentoxide  3  "Co,  opper  oxide  35*9, 
alumina  10*3,  water  27  1=100. 

P3rr.,  etc. — In  the  closed  tube  gives  much  water  and  turns  olive-green.  B.B.  cracks  open, 
but  does  not  decrepitate  ;  fuses  less  readily  than  olivenite  to  a  dark  gray  slag ;  on  charooal 
cracks  open,  deflagrates,  and  gives  reactions  like  olivenite.     Soluble  in  nitric  acid. 

Obs. — With  various  ores  of  copper,  pyrite,  and  quartz,  at  Wheal  Grorland,  Wheal  MuttreU, 
etc.,  in  Cornwall ;  also  in  minuto  crystaJs  at  Herrengrund  in  Hungry ;  and  in  Yoigtland; 

PSEUDOMALACHITE  PhonphocJialcUe. — Cu6PaOn-h3aq=CusP^O«-l-3H8CuOa=P»05  21  1, 
CuO  70-9,  H,0  8-0=100.  Triclinic  (Schrauf).  G.=4-34.  Color  emerald-green.  Related 
sub-species:  Ehlitk  (Prfl«tn<'),  Cu8Pa08-|-2H2CuO,+aq  (Ramm.);  Dihydrite,  Cu»PaO«i4- 
2H«CuOa.     £hl,  near  Linz,  on  the  Rhine  ;  Libethen,  Hungary ;  Nischne  Tagilsk  ;  CornwaU. 

Erinite. — Cu9Ass08+2H«Cu0.i.  In  mammillated  crys^line  groups.  Color  green.  Corn- 
waU. 

CORNWALLITE. — Cn5AsaOio+3aq  (=Cu»AsaOB+2HsCuOa+aq).  Amorphous.  Color  green. 
ComwaU  {Church), 

PsnTACiNlTE. — Occurs  in  thin  crypto-crystalline  coatings,  sometimes  having  a  botryoidal 
structure ;  also  pulverulent.  Color  siskin -green  to  olive-gpreen.  Formula  2R9V'^08  +  SHgCuOs 
+6aq,  with  R=Pb  :  Cu=3  :  1.  This  requires :  Vanadium  pentoxide  19 '32,  lead  oxide  53*15, 
copper  oxide  18*95,  water  8*58=100.  Found  at  the  gold  mines  in  SUver  Star  District,  Mon- 
tana (Genth.  Am.  J.  Scl,  III.,  xii.,  35,  1876). 

MoTTRAMiTE. — OocuTs  as  a  thin  crystalline  incrustation,  which  is  sometimes  velvety,  Ofon- 
sisting  of  minute  crystals  ;  more  generally  compact.  H.=3.  G.  =5*894.  Color  black  by 
reflected  light,  in  thin  particles  yellowish,  translucent  (crystals) ;  purplish-brown,  opaqae, 
(compact).  Formula  (PbXujsVaOs  +  2Ha(Pb,Cu)0i,  which  requires  vanadium  pentoxide  18*74. 
copper  oxide  20*39,  lead  oxide  57*18,  water  3*69=100.  Related  to  dihydrite  and  erinite. 
Found  iu  Keuper  sandstone  at  Aldeley  Edge  and  Mottram  St.  Aindrew's,  in  Cheshire,  England 
(Roscoe,  Proc.  Roy.  Soc.,  xxv.,  III.,  1876). 

VoLBORTHiTE.— RiVsOa-raq,  with  R=Ca  :  Cu=2  :  3  (or  3  :  7),  Ramm.  From  the  Urals. 
Kalk-volborthit  {Germ.)^  Friedrichsrode,  contains  calcium* 


OLINOOLASrrZI.    Strahlerz,  Oerm. 

Monoclinic.     C=  80°  30',  I A  I,  front,  =  56°.     Cleavage  :  basal,  highly 

perfect.      Also  massive,  hemispherical,  or  reniform ; 
681  structure  radiated  fibrous. 

II.  =  2-5-3.  G.=4-19-4-36.  Lustre:  O  pearly; 
elsewhere  vitreous  to  resinous.  Color  internally  dark 
verdigris-green ;  externally  blackish-blue  green.  Sti-cak 
bluish-green.     Subtranslucent.     Not  very  brittle. 
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Oomp.— Cu 9 As<iOp-(-3HaCuOs= Arsenic  pentoxide  30 '2,  copper 
oxide  62-7,  water  7  1=1 00. 

Pyr.,  etc. — Same  as  for  olivenite. 

Obs. — Occurs  in  Cornwall,  with  other  ores  of  copper,  at  several 
mines.    Also  found  in  the  Erzgebirge. 

Tyrolite  (Kupferschaum). — A  hydrous  arsenate  of  copper  (Cu» 
As^Oio+naq),  containing  also  calcium  carbonate  (as  an  impurity  ?  \ 


Color  pale  apple-green.    Libethen,  Hungary ;  Sohneebeig,  etc. 
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CHAlConrYLLiTE  (Copper  mica ;  KupfetgUramer,  Oenn.),— Cu,Ab,0,+5H)Cu0i  +  7H,0= 
Aneuic  pentoiide  31-3,  copper  oxide  587,  water  30-0=100.  Copper  miaes  of  ComwftU- 
Hnngfarj*;  Moldawa. 


ZJIZULITII.    Blaiupatfa,  Oerm, 

^  Monoclinic.  (7=  88"  16',  yA7=  91°  30',  (?Al-i  =  139°  45'  Pi-ttfer: 
c:b:d  =  0-86904  : 1-0260  :  1.  Twina :  twinuing-plane  i-i ;  also  O.  Cleav- 
age: lateral,  iDdiBtinct     AIbo  massive. 


H.=5-6,  G.=3-057,  Fnchs.  Lustre  vitreons.  Color  azure-blue;  com- 
monly a  fine  deep  blue  viewed  along  one  axis,  and  a  pale  grecniah-blue 
along  another.  Streak  white.  Subtmnslncent — opaqne.  Fracture  uneven. 
Brittle. 

Oomp.— BAlF,0.  +  Hq=AtPiO,-l-H,(Hg,Fe)Oi  (DBiia)=Fbo^)lioniB  peobizide  46'8,  tdu- 
mina  34-0,  nugnesia  13-3,  water  6-0=100. 

Pyr.,  etc — In  the  closed  tube  whiteni  and  yiclda  water.  B,B.  with  cobalt  solntioii  tho 
bins  coloc  of  the  mineral  ia  reHtoted.  In  the  forceps  whitens,  craoka  open,  swells  up,  and 
without  fusion  falls  to  pinoei,  coloring  the  flame  bluishgreen.  The  green  color  is  made  more 
intanse  bj  moistening  the  assay  with  snlpboric  aoid.  With  the  fluxes  gives  an  iron  glass ; 
with  soda  on  obarootJ  an  infusible  mass.     Unacted  upon  by  acids,  retaining  perfectly  ita  blue 

Diff. — Ghnracteriied  by  its  fine  blue  color ;  bla«  flame  B.B. 

Obs. — Occurs  near  Werfea  in  Salsbnig ;  in  Orati.  near  Yoran  ;  in  Erieglach,  in  StTria ;  at 
Hochthiiligrat,  at  the  Qomer  glacier,  in  Switzerland  ;  in  HorrBJiiberg,  WermLuid  ;  Westana, 
Swaden  ;  also  at  Tijuco  in  Minas  Qeraea.  BradL  Abnodant  at  Giowdet's  Mt,  [dncoln  Co., 
K.  C;  and  on  Oiavee  Ht.,  Lincoln  Co.,  Oa.,  60  m.  above  Aogtuta. 

SOORODITB. 

Orthorhombic.     7a7=98''  2',  6'Al4  =  132°  20';  c  :  J  :  d!  =  l-0977  : 
1-1511  :  1,  Miller.    Cleavage :  i-i  imperfect,  i-l  and  i-i  in 
traces. 

H.=3-5-4.  G.=3'l-8-3,  Lustre  vitreoue — snbadaman- 
tine  and  subresinoue.  Color  pale  leek-green  or  liver-brown. 
Streak  wliite.  Subtransparent — translucent.  Fracture 
uneven. 

Oomp. — FeAsiOi-i-4aq=AiBenic  pentozide  49-8,  Iron  sesquioxide 
34-6,  water  I3'6=i00. 

Pyr.,  etc. — In  the  oloaad  tube  yields  uenttal  water  and  turna  yellow. 
B.B.  fosea  easily,  coloring  the  flame  blue.  B.B.  on  charcoal  gives 
aiaenical  fames,  and  witA  soda  a  black  magnetlo  aooria.  With  the  fluxea 
zaaots  for  iron.     Solnble  in  hydroddorlo  add. 
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Obfl. — Found  at  Sohwarzenberg  in  Saxony ;  at  Nertechinak*  Siberia ;  Dembaoh  In  Ni 
in  the  Cornish  mines  ;  at  the  Minas  Geraes,  in  Brazil ;  in  Popayan ;  at  the  g^ld  mines  of  Yic^ 
toria  in  Australia.  OccurH  in  minute  crystals  and  druses,  near  Edenville,  N.  Y .;  in  Cabsmui 
Co.,  N.  C. 

WAVZUiUTE. 

Orthorhombic.     I^  T=  126°  25',  O  A  1-i  =  143°  23' ;  c\h:d=:  0-7431 

:  1*4943  :  1.     Cleavage :  /  rather  perfect ;  also  brachydia- 
686  gonal.     Usually  in  hemispherical  or  globular  coiicretious, 

having  a  radiated  structure. 

II.=3-25-4.     G.=2-316-2-337.     Lustre  vitreous,  inclin- 
ing to  pearly  and  resinous.     Color  white,  passing  into  yel- 
low, green,  gray,  bi'own,  and  black.     Streak  white.     Trans- 
"       lucent. 

Oomp — AljP40,«,12aq=2AlP80#  +  H5A10fl+9r.q=Pho8phoru8pentox- 
ideSolO,  alumina3810,  water  20  74 =100 ;  1  to  2  p.  c.  fluorine  are  often 
present,  replacing  the  oxygen. 
^  Pyr.j  etc. — In  the  closed  tube  gives  off  much  water,  the  last  portions 

of  which  react  acid  and  color  Brazil-wood  paper  yellow  (fluorine),  and 
also  etch  the  tube.  B  B.  in  the  forceps  swells  up  and  splits  frequently  into  fine  acicular 
particles,  which  are  infusible,  but  color  the  flame  pale  green ;  moiHtcned  with  sulphuric  acid 
the  green  ])ecome8  more  intense.  Gives  a  blue  with  cobalt  solution.  Some  varieties  react 
for  iron  and  manganese  with  the  fluxes.  Heated  with  sulphuric  acid  gives  off  fumes  of  flno- 
hydric  acid,  which  etch  glass.     Soluble  in  hydrochloric  acid,  and  also  in  caustic  potash. 

Difif. — Dii<tingiii8hed  from  the  zcolitos  and  from  gibbsite  by  its  giving  a  phosphorus  reac- 
tion ;  it  dissolves  in  acid  withmit  gelatinization. 

Obs.— Found  near  Barnstable,  Devonshire ;  at  Clonmel  and  Cork,  Ireland ;  in  the  Shaint 
Isles  of  Scotland ;  at  Zbirow  in  Bohemia;  Zajecov  in  Bohemia;  at  Frankenberg and  Langen- 
striegis,  Saxony ;  Diensberg,  near  GicsHcn,  Hesse  Darmstadt ;  in  a  manganese  mine  in  Wein- 
bach,  near  Wcilburg,  in  Nassau  ;  at  Villa  llica,  Minas  Gcraes,  Brazil.  In  the  United  States, 
at  the  slate  quarries  of  York  Co.,  Pa.;  at  Washington  mine,  Davidson  Co.,  N,  C;  at  White 
Horse  Station,  Chester  Co.,  Pa.;  Magnet  Cove,  Ark, 

Zkpiiaroviciiitk. — Near  wavcllite.  Composition  AIPjOh  +  6aq  (or  5aq,  Bamm.).  Gompaot. 
Color  greenish  to  gfrayish.     Occurs  in  sandstone  at  Tronic,  Bohemia. 

CcEUULEOLACTiTE. — Crypto-crvRtallinc.  Color  milk-white  to  light  blue.  Composition 
(Petersen)  7Vl8P4Oi»-»-10aq.  Katzenellnbogen.  Nassau.  Also  Chester  Co.,  Penn.  (Genth, 
who  regards  the  copper,  4  p.  c,  as  belonging  to  the  mineral.) 

PHARMAOOSIDERITE.    Wiirfelerz,  Qcrm. 

Isometric ;  tetrahedral.  Crystals  modified  cubes  and  tetrahedrons. 
Cleavage:  cubic,  iin])erfect.  O  sometimes  striated  parallel  to  its  edge  of 
interee(!tion  with  pHmc  1 ;  planes  often  curved.     Rarely  gmnular. 

II. =2*5.  Ct.=: 2*9-8.  Lustre  adamantine  to  greasy,  not  very  distinct. 
Color  olive-green,  passing  into  yellowish-brown,  bordering  sometimes  upon 
hyacinth-red  and  blackish -brown  ;  also  passing  into  grass-green,  emerald- 
green,  and  honey-yellow.  Streak  green — brown,  ye11o\v,  pale.  Subtrans- 
parent — subtranslucent.     Eather  sectile.     Pyroelectric. 

Oomp. — Fe4A8(iO.T,15aq=3FeAs,OK-f H«FeO«  (Ramm.)= Arsenic  pentoxide  4313,  iron 
eesquioxide  40  00,  water  16-87=100. 

Pyr.,  etc. — Same  as  for  scorodite. 

Obs.-  -Formerly  obtained  at  the  mines  of  Wheal  Gorland,  Wheal  Unity,  and  Carharrack, 
in  ComwaU ;  now  found  at  Burdle  Gill  in  Cumberland;  in  minute  tetrahedral  crystals  at 
Wheal  Jane  ;  also  in  Australia ;  at  St.  Leonard  in  France ;  and  at  Schneeberg  and  Schwar- 
xenberg  in  Saxony. 


OXYGEN  COMPOUNDB. — PHOSPHATES,   ARSENATES,  ETO. 


355 


Named  from  ^tdpfuucop,  poison  (in  allosioii  to  the  arsenio  present),  and  <r(9fipoi,  iron.  W&ffd- 
en^  of  the  Germans^  means  mbe-cre. 

Rhaoite  {Wmhach). — Composition  BiioA84096+9aq=2BiAB04+3HaBiOs=Ar8enio  pent- 
oxide  15*6,  bismuth  oxide  78*9,  water  5*5=100.  Spherical  ciystalline  aggregates.  Color 
bright  green.     Schneeberg,  Saxony. 

Plumbooummitb. — Composition  uncertain.  Contains  essentially  alumina,  lead,  water, 
and  phosphorus  pentoxide.    Huelgoet ;  Cumberland  ;  Mine  la  Motte,  Mo. 


OHIIiDRENITZI. 

Orthorhorabic.  7  A  /=  111°  54',  (9  A 14  =  136°  26' ;  c  :  i  :  ei  =  0-9512 
:  1*4798  :  1.  Plane  O  sometimes  wanting,  and  the  form  a  double  six- 
sided  pyramid,  made  up  of  the  planes  1,  2-^  with  i-i  small.  Cleavage  :  i-i, 
imperiect. 


687 
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II.=4'5-5.  G.-=3'18--3'24.  Lustre  vitreous,  inclining  to  resinous. 
Color  yellowish-white  and  pale  yellowish-brown,  also  brownish-black. 
Streak  white,  yellowish.     Translucent.     Fracture  uneven. 

Oomp. — Formula  somewhat  uncertain.  Analysis :  Bammelsberg,  PaOft  28*92,  AlOs  14 '44, 
FeO  30-68,  MnO  9-07,  MgO  014,  H,0  16-98=100-28. 

P3n^.,  etc. — In  the  closed  tube  gives  off  neutral  water.  B.B.  swells  up  into  ramifications, 
and  fuses  on  the  edges  to  a  black  mass,  coloring  the  flame  pale  green.  Heated  on  charcoal 
turns  black  and  becomes  magnetic.  With  soda  gives  a  reaction  for  manganese.  With  borax 
and  salt  of  phosphorus  reacts  for  iron  and  manganese.    Soluble  in  hydrochloric  acid. 

Obs. — Occurs  near  Tavistock ;  also  at  Wheal  Crebor,  in  Devonshire ;  on  slate  at  Crinnis 
mine  in  Cornwall. 


TURQUOIS.    €allaite.    Eallait,  Kalait,  Qvrm. 

E-eniform,  stalactitic  or  incrueting.     Cleavage  none. 

IL=6.  (jr.=2'6-2*83.  Lustre  somewhat  waxy,  feeble.  Color  sky-bine, 
bluish-green  to  apple-green.  Streak  white  or  greenish.  Feebly  subtrans- 
Incent — opaque.     Fracture  small  conchoidal. 

Oomp. — Hydrous  aluminum  phosphate,  perhaps  AlaPsOn+SaqrrPhosphoms  pentoxide 
32-6,  alumina  46-9,  water  20  5 =100 

Pyr.,  etc. — In  the  closed  tube  decrepitates,  yields  water,  and  turns  brown  or  black.  B.B. 
in  the  forceps  becomes  brown  and  assumes  a  glassy  appearance,  but  does  not  fuse ;  colors 
the  flame  green ;  moistened  with  hydrochloric  acid  the  color  is  at  first  blue  (copper  chloride). 
With  the  sodium  test  gives  phosphuretted  hydrogen.  With  borax  and  .salt  of  phosphorus  gives 
beads  in  O.  F.  which  are  yeUowishgrreen  while  hot,  and  pure  green  on  cooling.  With  salt  of 
phosphorus  and  tin  on  charcoal  gives  an  opaque  red  bead  (copper). .  Soluble  in  hydrochloric 
acid. 

Obs. — Occurs  in  clay  slate  in  a  mountainous  district  in  Persia,  not  far  from  Nichabour. 
According  to  Agaphi,  the  only  naturalist  who  has  visited  the  locality,  turquois  occurs  only  in 
veins,  which  traverse  the  mountain  in  aU  directions.     An  impure  variety  is  found  in  Silesia, 
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and  at  Oelsnitz  in  Saxony.  W.  P.  Blake  refers  here  a  hard  yellowish-  to  blnisb-gieen  sUnie 
(which  he  identifies  with  the  c-halcJiihuiU  of  the  Mexicans)  from  the  mountains  Los  Cerillas. 
20  m.  S.  E.  of  Santa  Fd.     A  pale  green  turquois  occurs  in  the  Columbus  district,  Nevada. 

Turquois  receives  a  good  polish,  and  is  highly  esteemed  as  a  gem.  The  Persian  kin^  la 
said  to  retain  for  his  own  use  all  the  larger  and  finely  tinted  specimens. 

Peoanite. — Composition  Alsp208+6aq=Phosphorus  pentoxide  31*1,  alumina  81 '1,  water 
28*7=100.     Striegis,  Saxony ;  Arkansas. 

DUFRENITE.  —Composition  Fe,P.jO»-|-8aq  (FeP50(.+H«FeO«) = Phosphorus  pentoxide  97-5, 
iron  8e8quioxide02'0,  water  10*5=100.  Anglar,  Dept.  of  Haute  Vienne:  Hinchbeig,  West- 
phalia ;  Allentown,  N.  J.     In  deposits  of  nodules  1  to  6  in.  thick,  in  Rockbridge  Co.,  Va. 

Andrewbete. — In  globular  forms,  having  a  radiated  structure.  H.=4.  O.  =8*475. 
Color  dark  green.  Analysis,  Flight  PaO*  26*09,  FeO,  44*64,  AlO,  0-92,  CuO  10-86,  Fe07-ll, 
MnO  0*60,  CaO  009,  SiO.  0*49,  H3O  8*79=99*59.  In  a  tin  lode,  West  Phenix  mine,  near 
Liskeard,  ComwalL 

Chalcosiderite. — In  bright  gjeen  crystals  (tridinic)  on  Andrewsite  (see  above).  H.=: 
4-5.  G.=8108.  Analysis,  FUght,  PaO^  29  93,  As,©.  0*61,  FeO.  42*81,  :!\:10,  4*45,  OuO  8-14, 
HsO  15*00,  UO  tr.  =100*94.    Also  as  a  coating  on  dufrenite.     Cornwall.     Sayn,  Westphalia. 

Henwoodite. — In  globular  forms,  with  a  radiated  structure.  H.  =4-4*5.  G.=2"67. 
Color  turquois-blue  to  bluish -green.  B.B.  infusible.  Analysis,  PsOs  48*94,  :^lOs  18*24, 
FeO,  2*74,  CuO  710,  CaO  0  54,  H,0  1710,  SiO,  1*37,  loss  3*97=100.  Occurs  on  limonite  at 
the  West  Phenix  mine,  Cornwall  {Collins^  Min.  Mag.,  1,  p.  11). 

Cacoxenite. — Supposed  to  be  an  iron  wavellite.  Composition  FeaP«0B+12aq.  In  radiated 
tufts.     Color  yellow.     Hrbeck  mine,  Bohemia. 

ARSENiosroERiTE.— Analysis  by  Church,  AsjO*  89-86,  FeO,  85*75,  CaO  15*53,  MgO  018, 
K,0  0*47,  HaO  7*87=9966.  Formula  (Raram.)  2Ca,ASi08-l-FeAs,0,  +  3H.FeO<^  Bo- 
maneche. 

ATELBSTrrs. — Essentially  a  bismuth  arsenate.      In  minute  yellow  crystals  at  Sohneebexg. 


TORBBRNrm.    Chalcolite.    Kupfer-Uranit,  Oerm, 

Tetragonal.     OM'l  =  134^  8' ;  /•  =  1-03069.     Forms  square  tables,  with 

often  replaced  edges ;  rarely  suboctahedral.  Cleav- 
689  age :  basal  highly  perfect,  micaceous.     Unknown 

massive  or  earthy. 

II.=2-2*5.     G.=3*4-3-6.     Lustre  of  C>  pearly,  of 
other  faces  subadainantine.      Color  emerald-   and 

frass-green,  and  sometimes  leek-,  apple-,  and  sis- 
in-green.     Streak  somewhat  paler  than  the  color. 

Transparent — subtranshicent.  Fracture  not  ob- 
servable. Sectile.  Laminae  brittle  and  not  flexible.  Optically  uniaxial ; 
double  refraction  negative. 

Oomp — Q.  ratio  for  R  :  U  :  P  :  0=1  :  6  :  5  :  8 ;  formula  CuUaPiO,a  +  8aq=2(UOa)sPiO« 
-f Cu3P.jOB-h24aq.  The  formula  requires:  Phosphorus  pentoxide  15*1,  uranium  tricxide 
61  *2,  copper  oxide  8*4,  water  15-3=100. 

Pyr.,  etc. — In  the  closed  tube  yields  water.  In  the  forceps  fuses  at  2*5  to  a  blackish  mass, 
and  colors  the  flame  green.  With  salt  of  phosphorus  gives  a  gp'^en  bead,  which  with  tin  on 
charcoal  becomes  on  cooling  opaque  red  (copper).  With  soda  on  charcoal  g^yes  a  globule  of 
copper.     Affords  a  phosphide  with  the  sodium  test     Soluble  in  nitric  acid. 

Obs. — Gunnis  Lake,  Tincroft  and  Wheal  Buller,  near  Redrutb,  and  elsewhere  in  Cornwall. 
Found  also  at  Johanngeorgenstadt,  Eibenstock,  and  Schneeberg,  in  Saxony ;  in  Bohemia,  at 
Joachimsthal  and  Zinnwald ;  in  Belgium,  at  Vielsaim. 

Both  this  species  and  the  autunite  have  gone  under  the  common  name  of  uranitt ;  the 
former  also  as  Copper-uraniU^  the  latter  Lime-uramte, 
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AUTUNITZI.    Uranit;  Ealk-Uranglimmer,  Kalk-Uranit,  Oerm, 

Orthorliombic ;  but  form  very  nearly  square,  and  crystals  resembling 
closely  those  of  torbernite.     Cleavage :  basal  eminent,  as  in  torbemite. 

IL=2-2-5.  G.=3'05-3*19.  Lustre  of  (>  pearly;  elsewliei-e  subadaman- 
tine.  Color  citron-  to  sulphur-yellow.  Streak  yellowish.  Translucent 
Optically  biaxial,  DesCl. 

Oomp.— Q.  ratio  f or  R  :  U  :  P  :  H=l :  6  :  5  :  10.  Formula  CaUaPaOM  +  lOaq,  which  may 
be  written  2(UO9)3P3O«+GasPaOe+30aq.  The  formula  requires :  Phosphorus  pentozide  14*9, 
uranium  trioxide  (UO,)  60*4,  Ume  5*9,  water  18*8=100. 

Pyr.,  etc. — Same  as  for  torbernite,  but  no  reaction  for  copper. 

Obs.— Occurs  at  Johanngeorgenstadt ;  at  Lake  Onega,  Wolf  Island,  Russia;  near  Limoges; 
near  Autun ;  formerly  at  South  Basset,  Wheal  Edwards,  and  near  St.  Day,  England.  Occurs 
Hparingly  at  Middletown,  Ct. ;  also  in  minute  crystals  at  Chesterfield,  Mass. ;  at  Acworth, 
N.  H. 

Trooeritr. — Composition  UsAsiOi4  +  12aq=(UOs)sAs80s  +  13aq.  This  requires :  Arsenic 
pcntoxide  17*6,  uranium  trioxide  65*9,  water  16*5=100.  Monoclinic.  In  thin  tabular  crys- 
tals of  a  lemon-yeUow  color.     Schneeberg,  Saxony. 

Walpuroite.— Oomp<witionBi,oU,A840«4-l-12aq=(UOa),As»08-|-2BiAs04+8H,BiO,.  This 
requires :  Arsenic  pentoxide  11  '9,  bismuth  oxide  60*0,  uranium  trioxide  22*4,  water  5 '7=100. 
Monoclinic.    In  thin  scaly  crystals.     Color  wax -yellow.     Schneeberg,  Saxony. 

Uranospinitb. — An  arsenic  autunite.  Composition  CaU2A8jOia  +  8aq=2(UOi)iA8aO«  + 
CasAs.iO(,+24aq= Arsenic  pentoxide  22*9,  uranium  trioxide  57*2,  lime  5*6,  water  14*3=100. 
Color  green.  Schneeberg,  Saxony.  Uranosphv«rite.  Color  yeUow.  Analysis,  Winkler : 
UaO,  50*88,  Bi,0,  4434,  HaO  4*75.     Schneeberg. 

Zbunerite. — According  to  Winkler,  an  arsenic  chalcolite,  with  which  it  is  isomorphous. 
Composition  CuU9AsvOis+8aq=2(UO«)sAsi08+Cu3As30e+24aq= Arsenic  pentoxide  22*3, 
uranium  trioxide  56*0,  copper  oxide  7 '7,  water  14*0=100.  Color  bright  green.  Schneeberg, 
Zinnwald,  Saxony;  Cornwall. 

PrrrjoiTE. — Iron-sinter.  Composition  uncertain,  contains  AssOa,  FeOs,  SOt,  HtO.  DiA- 
DOCHITE  is  similar,  but  contains  PsOa  instead  of  AssO*. 


Hydrous    Antimonates. 


BiNDHEiMiTB  (Bleiniere). — Amorphous,  reniform,  or  spheroidal ;  als6  earthy  or  Incrusting. 
H.=4.  G.  =4 '60-4*76.  Color  white,  gray,  browx^sh,  yellowish.  Composition  uncertain; 
analysis  by  Hermann  :  SbaO*  31*71,  PbO  61  83,  H,0  6*46=100.  Results  from  the  decompo- 
sition of  other  antimonial  ores.  From  Nertschinsk  in  Siberia ;  Horhausen ;  near  Endellion 
in  Cornwall,  with  jamesonite,  from  which  it  is  derived. 


JflTRATES. 

The  nitrates  are  all  soluble,  and  hence  are  rarely  met  with  in  nature.     They  indude : 

Nitre,  potassium  nitrate  (KNOi).  Found  generally  in  crusts  on  the  surface  of  the  soil,  on 
walls,  rocks,  eta     Also  found  in  numerous  caves  in  the  Missaasippi  Valley. 

Soda  Nitre,  sodium  nitrate  (NaNOa).    Tarapaoa,  Chili. 

NiTROCALCiTE.  caldum  nitrate  (CaNaO«).  Ooonrs  in  silky  efflorescences  in  limestone 
caverns. 

NiTROHAGNEBiTB,  magnesium  nitrate  (MgKiOs).  From  limestone  oaves.  Nitbo- 
OLAXJBBBiTB,  nitro-fulphiite  of  aodinm.    Desert  of  Ataoama,  Chili 
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4.  BORATES. 


SASSOIilTE. 

TricHnic.  IkT-  118°  30',  6>  A  /=  95°  3',  (?  A  /'  =  80°  33\  B.  &  M. 
Twins:  compoBition-face  O,  Cleavage:  basal  very  perfect.  Usually  in 
small  scales,  apparently  six-sided  tables,  and  also  in  stalactitic  fonus,  com- 
posed of  small  scales. 

II.=1.  G.=1'48.  Lnstre  pearly.  Color  white,  except  when  tinged 
yellow  by  sulphur;  sometimes  gray.  Feel  smootli  and  unctuous.  Taste 
acidulous,  and  slightly  saline  and  bitter. 

Oomp — H«B30«=Boron  triozide  (B^iO,)  5646,  water  43*54=100.  The  native  stalactitio 
salt  contains,  mechanicaUj  mixed,  various  imparities,  as  sulphate  of  magnesium  and  iroiL, 
sulphate  of  calcium,  silica,  etc. 

P3n^.,  etc. — In  the  closed  tube  gives  water.  B.B.  on  platinum  wire  fuses  to  a  clear  glaas 
and  tinges  the  flame  yeUowish-green.     Soluble  in  water  and  alcohol. 

Obs. — First  detected  in  nature  by  Hofer  in  the  waters  of  the  Tuscan  lagoons  of  Monte 
Botondo  and  Castelnuovo,  and  afterward  in  the  solid  state  at  Sasso  by  Mascagni.  The  hot 
vapors  of  the  lagoons  consist  largely  of  it.  Exists  also  in  other  natural  waters,  as  at  Wies- 
baden; Aachen;  Krankenheil  near  Folz ;  Clear  Lake  in  Lake  Co.,  California;  and  it  has 
been  detected  in  the  waters  of  the  ocean.  Occurs  also  abundantly  in  the  crater  of  Volcano, 
one  of  the  Lipari  islands,  forming  a  layer  on  sulphur  and  about  the  fumaroles,  where  it 
disooveied  by  Dr.  HoUand  in  1818. 


snsssxmi  (.^toA). 


In  fibrous  seams  or  veins. 

H.=3.     G.=3"42.     Lustre  silky  to  pearly.     Color  white,  with  a  tinge  of 
pink  or  yellow.    Translucent. 

Oomp. — R.jB,Oft-f-aq,  with  R=Mn  :  Mg=4  :  3=Boron  trioxide  34*3,  manganese  protoxide 
80  -9,  magnesia  16  '9,  water  8  9  =  100. 

Pyr.,  etc. — In  the  closed  tube  darkens  in  color  and  yields  neutral  water.  If  turmeric  paper 
is  moistened  with  this  water  and  then  with  dilute  hydrochloric  acid  it  assumes  a  red  color 
(boron).  Fuses  in  the  flame  of  a  candle,  and  B.B.  in  O.F.  yields  a  black  crystalline  mass 
coloring  the  flame  intensely  yellowish-green.  Reacts  for  manganese  with  the  fluxes.  Soluble 
in  hydrochloric  acid. 

Obs. — Found  on  Mine  Hill,  Franklin  Furnace,  Sussex  Co.,  N.  J.;  associated  with  franklin- 
ite,  zincite,  willemite,  and  other  manganese  and  zinc  minerals. 

SzAiBELYiTE. — Ahydrous  magnesium  borate,  MgbBiOn+daq  (or  Jaq).  Occurs  in  acioular 
crystals.     Color  white.     Hungary. 

LUD WIG ITB  (r«c^erm«A;).— Finely  fibrous  masses.  H.=5.  G.=3-907-4-016.  Color  bUw*- 
ish-green  to  black.  Composition  R4FeBaO,o,  with  R=Fe  :  Mg=l  :  5,  or  1  :  8.  For  the 
latter  the  formula  requires  :  Boron  trioxide  16*6,  iron  sesquioxide  37*9,  iron  protoxide  17*1, 
magnesia  28  '4.  Occurs  in  a  crystalline  limestone  with  magnetite  at  Morawitza  in  the  Bannat. 
Also  altered  to  limonite. 
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BORAOITE. 

Isoraetric ;  tetrahedral.     Cleavage :   octahedral,  in  traces.     Cubic  faces 
sometimes  striated  parallel  to  alternate  paira  of  edges,  as  in  pyrite. 

n.=7,  in  crystals;  4-6,  massive.     G.=2*974,  Ilaidinger.      Lustre  vitre- 
ous, inclining  to  adamantine.     Color  white,  inclining 
to  gray,  yellow,  and    green.     Streak   white.     Sul^  ^90 

transparent — translucent.  Fracture  conchoidal,  un- 
even. Pyroelectric,  and  polar  along  the  four  octa- 
hedral axes. 


Oomp.— MgiBieClsOio  =  2MgiB«0,6-l-MgCla  =  Boron  trioxide 
62  57,  magnesia  81-28,  chlorine  7  93=101*78. 

Pyr.,  etc. — The  maasiye  variety  gives  water  in  the  closed  tube. 
B.B.  both  varieties  fuse  at  2  with  intumescence  to  a  white  crys- 
talline pearl,  coloring  the  flame  green ;  heated  after  moistening 

with  cobalt  solution  assumes  a  deep  pink  color.  Mixed  with  copper  oxide  and  heated  on  char- 
coal colors  the  flame. deep  azure- blue  (copper  chloride).  Soluble  in  hydrochloric  acid.  Alters 
very  slowly  on  exposure,  owing  to  the  magnesium  chloride  present,  which  takes  up  water. 

Obs. — Observed  in  beds  of  anhydrite,  gypsum,  or  salt.  In  crystsJs  at  Kalkberg  and  Schild- 
stein  in  Liineberg,  Hanover ;  at  Segeberg,  near  Kiel,  in  Holstein  ;  at  Luneville,  La  Mearthe^ 
France  ;  massive  and  crystallized  ac  Stassfurt,  Prussia. 


Tinkal  of  India. 

Monoclinic.  C^  73°  25',  /A /=  87%  Oa2-1  =  132°  49' ;  c:b:d  = 
0'4906  :  09095  :  1.     Cleavage:  i-i  perfect;  /less  so;  i-l  in  traces. 

H.=2-2*5.  G.=l*716.  Lustre  vitreous — resinous;  sometimes  earthy. 
Color  white;  sometimes  grayish,  bluish,  or  greenish.  Streak  white. 
Translucent — opaque.  Fracture  conchoidal.  Rather  brittle.  Taste  sweet- 
ish-alkaline, feeble. 

Oomp NaaB4O,+10aq=2(NaBOa-l-HBO2)-|-9aq=Boron  trioxide  36-6,  soda  16  2,  water 

47-2 

Pyr.,  eto. — B.B.  pufEs  up,  and  afterwards  fuses  to  a  transparent  globule,  caUed  the  glass  of 
borax.  Soluble  in  water,  yielding  a  faintly  alkaline  solution.  Boiling  water  dissolves  double 
its  weight  of  this  salt. 

Obs. — Borax  was  originaUy  brought  from  a  salt  lake  in  Thibet.  It  is  announced  by  Dr.  J. 
A.  Yeatch  as  existing  in  the  waters  of  the  sea  along  the  California  coast,  and  in  those  of 
many  of  the  mineral  springs  of  California.  Occurs  in  the  mud  of  Borax  Lake,  near  Clear 
Lake,  CaL  Also  found  in  Peru ;  at  Halberstadt  in  Transylvania ;  in  Ceylon.  It  occurs  in 
solution  in  the  mineral  springs  of  Chambly,  St.  Ours,  etc.. Canada  East.  The  waters  of  Borax 
Lake,  California,  contain,  according  to  G.  £.  Moore,  535*08  g^ns  of  crystallized  borax  to  the 
grallon. 

UIiBZXTB.    Boronatrocalcite.    Natronborooaloite. 

In  rounded  masses,  loose  in  texture,  consisting  of  fine  fibres,  wliich  are 
acicular  or  capillary  crystals. 

n.=l.  G.= 1*65,  Is.  Scotia,  How.  Lustre  silky  within.  Color  white. 
Tasteless. 

Comp.— NaCaB90»+5aq=Boron  trioxide  49*7,  lime  15*9,  soda  8*8,  water  25*6=100. 
Pjrr.,  etc. — Yields  water.    B.B.  fuses  at  1  with  iutumeecenoe  to  a  clear  blebby  glass,  color 


860  DESCRIPTIVE  MINERALOGY. 

ing  the  flame  deep  yellow.  Moistened  with  solpharic  acid  the  color  of  the  flame  ib  moment- 
arily changed  to  deep  green.  Not  soluble  in  cold  water,  and  bat  little  so  in  hot ;  the  solution 
alkaline  in  its  reactions. 

ObB.~0ccarB  in  the  dry  plains  of  Iquique,  Southern  Peru ;  in  the  province  of  Tarapaoa 
(where  it  is  called  U'ea)^  in  whitish  rounded  masses,  from  a  hazelnut  to  a  potato  in  size,  which 
consist  of  interwoven  fibres  of  the  ulexite,  with  pickeringitc,  glauberite,  halite,  gypsum,  and 
other  impurities ;  on  the  West  Africa  coast ;  in  Nova  Scotia,  at  Windsor,  Brookville,  and 
Newport  (H.  How),  filling  narrow  cavities,  or  constituting  distinct  nodules  or  mammillated 
masses  imbedded  in  white  gypsum,  and  associated  at  Windsor  with  glauber  salt,  the  lustre 
internally  silky  and  the  color  very  white  ;  in  Nevada,  in  the  salt  marsh  of  the  Columbus 
Mining  District,  forming  layers  2-0  in.  thick  alternating  with  layers  of  salt,  and  in  balls  3-4 
in.  through  in  the  salt. 

Bbcuilite.  (Borocalcite). — An  incrustation  at  the  Tuscany  lagoons.  Composition  CaB«OT 
+4aq.  Also  similar  from  South  America.  Lauderkllite,  Laoonite,  rare  borates  from  the 
Tuscan  lagoons. 

"Prickitjh  {SiRiman). — Compact,  chalky.  Color  milk-white.  Composition  Ca»B«0i6  +  ^q. 
This  requires  :  Boron  trioxide  49  '8,  lime  29  '9,  water  20 '3  =  100.  Occurs  in  layers  between  a  bed 
of  slate  above  and  one  of  steatite  below.     Near  Chetko,  Curry  Co. ,  Oregon. 

HoWLiTE,  SUicoborocalcite. — A  hydrous  calcium  borate  (like  becliilite),  with  one-sixth  of 
a  silicate  analogous  to  dauburite.  Near  Brookville,  and  elsewhere  in  Hants  Co. ,  Nova  Scotia, 
in  nodules  imbedded  in  anhydrite  or  gypsum  ;  these  nodules  sometimes  made  up  of  pearly 
crystalline  scales.  Wh^kwortiiite.  In  imbedded  crystalline  nodules  from  Winkworth,  N.S. 
In  composition  between  selenite  and  howlite;  a  mixture  (?). 

CRYrroMORPHiTB. — Near  ulexite  in  composition.  In  microscopic  rhombic  tables.  Nova 
Scotia. 

LCneburoite. — A  phospho-borate  of  magnesium.  Flattened  masses  in  gypciferoas  mail 
at  Liineburg. 


wARWioErm. 

Monoclinic.  /A  7=91°  20',  DesCl.  Usual  in  rhombic  prisms  with 
obtuse,  edges  tnmcated,  and  the  acute  bevelled,  summits  generally  rounded ; 
surfaces  of  larger  crystals  not  polished.  Cleavage :  macrodiagonal  per- 
fect, affording  a  surface  with  vertical  striae  and  traces  of  oblique  cross 
cleavage. 

II.=:3-4.  G.=3'19-3*43.  Lustre  of  cleavage  surface  submetallic-pearly 
to  subvitreous ;  often  nearly  dull.  Color  dark  hair-brown  to  dull  blacK, 
sometimes  a  copper- red  tinge  on  cleavage  surface.  Streak  bluish-black. 
Fracture  uneven.     Brittle. 

Oomp. — Essentially  a  borotitanate  of  magnesium  and  iron.  Analysis,  Smith,  BsO»  27*80, 
TiO,  23-82,  FeO,  7-02,  MgO  36-80,  SiO.  100,  AlO,  2'21=98-65. 

Pyr.,  etc. — Yields  water.  B.B.  infusible,  but  becomes  lighter  in  water ;  moistened  with 
sulphuric  acid  gives  a  pale  green  color  to  the  ilame.  With  salt  of  phosphorus  in  O.F.  a  clear 
bead,  yellow  while  hot  and  colorless  on  cooling;  in  R.F.  on  charcoal  with  tin  a  violet  color 
(titanium).  With  soda  a  slight  manganese  reaction.  Decomposed  by  sulphuric  acid  ;  the 
product,  treated  with  alcohol  and  ignited,  gives  a  green  flame,  and  boiled  with  hydrochloric 
acid  and  metallic  tin  gives  on  evaporation  a  violet-colored  solution. 

Obs. — Occurs  in  granular  limestone  2J  m.  S.  W.  of  Edenville,  N.  Y,,  with  spinel,  chondro- 
dite,  serpentine,  etc.  Crystals  usually  small  and  slender;  sometimes  over  2  in.  long  and  |  in. 
broad. 
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5.  TUNGSTATES,  MOLYBDATES,  CHROMATES. 

WOLFRAMPm. 

Monoclinic.  C=  89°  22',  I^  /=  100"  37',  Uh-^-i  =  118°  6',  i-iA  +i-i 
=  117°  6',  l-iAl-i  =  98°  6',  DesOloizeanx.  Cleavape:  i-i  j>erfect,  i-i 
imperfect.  Twins;  planes  of  twinning  i-i  (f.  C92),  j-i,  and  rarely  i-i. 
Also  irregular  lamellar;  coarse  divergent  colutniiar;  massive  granular,  the 
particles  strongly  coherent. 


,^<^^ 


II.=5-5'5.  G.=  7"l-7"55.  LuFtro  submetallic.  Color  dark  grayish  or 
brownish-black.  Streak  dark  reddish-brown  to  black.  Opaque.  Sometimes 
weak  magnetic. 

V«r — The  most  impotttuit  varietiea  depend  on  the  proportions  of  the  iron  imd  manganeee. 
Those  rich  in  muig&neea  have  Q.=7'10-7'64,  but  genetollj  below  7*29,  and  the  Htreak  is 
mosUj  blMk.  Those  rioh  in  iron  have  O.  =T'3-T*54,  and  a  daik  leddish-brown  streak,  and 
thev  are  sometimes  feebly  attractable  bj  the  magnet. 

Oomp (Fe,Ma)WO.,  Fe  :  Hn=S  :  3,  mostly ;  also  4  :  1  and  2  ;  1,  3  :  1,  G  :  1,  eto.    The 

ratio  3  :  3  corieaponda  to :  Tungsten  trioxide  7Q'4T,  iron  protoxide  9  '48,  manganese  protoxide 
14-04  =^100. 

Fyr.,  etc. — B.B.  fuses  eainlj  (F.=2'S-3)  to  a  g-lobnle.  which  has  a  crystAlline  sniface  and 
is  magnetic.  With  salt  of  phosphoroB  giyeg  a  clear  reddish-yellow  glam  while  hot,  which  is 
paler  on  cooling ;  in  R.F.  becomes  dark  red ;  on  charcoal  with  tin,  if  not  too  latiuated,  tbe 
bead  aaanmeB  on  cooling  a  green  color,  which  continned  treatment  in  R.  F.  cbaugee  to  reddish 
yellow.  With  soda  and  nitre  on  platinum  foil  fusee  to  a,  bliUBh-grcen  manganate.  Dooom- 
posed  by  aqua  regia  with  sepanitioii  of  tnngBten  trioiide  as  a  yellow  powder,  which  when 
treated  B.B.  reacts  as  nnder  tungstite  (p.  S03j.  Wolfram  is  sufficiently  decomposed  by  con- 
centrated fiulphuiic  acid,  or  even  hydrochloric  acid,  to  give  a  colorless  solntion,  which,  treated 
with  metallic  zinc,  becomes  intensely  blue,  but  soon  bleaches  on  dilation. 

DIS. — Characterized  by  its  high  speciQc  gravity  and  pyrognostics. 

Obi. — Wolfram  is  often  associated  with  tin  ores;  also  in  quarti,  with  native  bismuth,  scheel- 
ite,  pyiite,  galenite,  bleode,  eto,  ;  and  in  trachyte,  as  at  Falao  Banya,  in  Transylvania.  It 
occurs  at  ^blackenwijd  ;  Bohneeberg;  Freibecg;  Ehrenfriedendorf ;  Zinnwald,  and  Nert- 
Bcbinflk  ;  at  Chanteloup,  near  Limoges,  and  at  Meymac,  CorTdze.  in  France  ;  near  Bedmth 
and  elsewhere  in  Cornwall;  in  Cumberland.     Also  in  S.  America,  at  Oruro  in  Bolivia, 

In  tbe  U,  States,  oooars  at  Lane's  mine,  Honroe,  Conn. ;  at  Trumball,  Conn,  ;  on  Camdags 
farm.  Dear  Blue  Hill  Bay,  Me.j  at  the  Flowe  mine,  Mecklenburg  Co,,  ^4.  C,  ;  in  HiasouA, 
near  Mine  la  Hotte,  and  in  St  Franiis  Ca ;  at  Mammoth  mining  district,  Nevada. 

UDBKBRm:. — A  manganese  wolframite,  HnWOi= Tungsten  trioxida  TG  9,  manganese  prot- 
oxide 23-1  =  100.     Mammoth  dist.,  Nevada. 

MKOABurrE.— A  manganese  tniigst«te,  with  a  little  iron.    Sohlackenwald. 
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SOHXIZIIilTE. 

Tetragonal ;  hemihedral.     O  A  1-i  =  123°  S' ;  c  =  1-5369.    Cleavage :  1 

most  distinct,  1-^'  interrupted,    O  traces.      Twius: 
•W  twinning-plane  /;  also  i-i.    Crystals  usnallj  octahe- 

dral in  form.     Also  i-eniform  with  colnmnar  struc- 
ture ;  and  massive  granular. 

II.=4-5-5.  G.=5-9-6076.  Lustre  vitreous,  in- 
clining to  adamantine.  Color  white,  yellowish-white, 
pale  yellow,  brownish,  greenish,  reddish ;  sometimes 
almost  orange-yellow.  Streak  white.  Transparent 
— translucent.     Fracture  uneven.     Brittle. 


Schlackenwald. 


Oomp — CaW04=Tung8ten  trioxide  80*6,  lime  19-4=100.  A 
variety  from  Coqaimbo,  ('hUi,  contained  6*2  p.  c.  vanadiam  jient- 
oxide ;  another  from  Traversella  containe<l  didyminm. 

Pyr.,  etc. — B.B.  in  the  forceps  fuses  at  5  to  a  semi-transparait 
glam.     Soluble  with  borax  to  a  transparent  glass,  which  after- 
ward becomes  opaque  and  crystalline.     With  salt  of  phoflphoms 
forms  a  glam,  colorless  in  outer  tlame,  in  inner  green  when  hoi 
and  fine  blue  cold ;  varieties  containing  iron  require  to  be  toreated 
on  charcoal  with  tin  before  the  blue  color  appears.     In  hydro- 
chloric  or  nitric  add  decomposed,  leaving  a  yellow  powder  soluble  in  ammonia. 
DiS. — Remarkable  among  non-metallic  minerals  for  its  high  specific  gravity. 
Obs. — Usually  associated  with  crystalline  rocks,  and  commonly  found  in  connection  with 
tin  ore,  topaz,  fiuorite,  apatite,  molybdenite,  wolframite,  in  quartz.     Occurs  at  Schlacken- 
wald and  Zinnwald  in  Bohemia;  in  the  Riesengcbirge ;  at  Caldl)eck  FeU,  near  Keswick; 
Neudorf  in  the  Harz  ;  Ehrenfriederwlorf ;  Posing  in  Hungaiy  ;  Travorsella  in  Piedmont,  etc 
Llamuco,  near  Chuapa  in  Chili.     In  the  U.  S.,  at  Lane's  mine,  Monroe,  and  Huntington, 
Conn.;  at  Chesterfield,  Mass.;  in  the  Mammoth  mining  district,  Nevada ;  at  Bangle  mine,  in 
Cabarras  Co.,  N.  C. ;  and  Flowe  mine.  Mecklenburg  Co. 

CuPUosciiEEi.rrh:. — A  scheelite  containing  about  0  p.  c.  copper  oxide.     Color  bright  green. 
La  Paz,  Lower  California.     Llamuco,  near  Santiago,  ChiU. 

CuPROTUNOSTiTE.— A  copper  tungstate,  CuaWOs+aq.      Amorphous.      Color  yeUowiah- 
green.    With  cuproscheelite  at  the  copper  mines  of  Llamuco,  Chili 

8TOLZiTE.—PbW04=  Tungsten  trioxide  51,  lead  oxide  49=100.     Tetragonal.     Zinnwald  ; 
Bleiberg;  Coquimbo,  Chili. 


WULFBNITB.    Gelbbleierx,  Germ. 

Tetragonal.     Sometimes  hemihedral.     OM'i=  122''   26' ;    <J  =  1-574. 
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Przibram.  Phenixville. 

In  modified  square  tables  and  sometimes  very  thin  octahedrons.    Gleavage : 
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1  very  smooth;  O  and  J  much  leas  distinct.  Also  graimlaily  massive, 
coaree  or  fine,  finnly  cohesive.  Often  heinihcdral  in  the  ixitagonal  prisms, 
producing  thus  tal>!eB  Hke  f.  696,  and  octahedral  forms  having  the  prisma- 
tic planes  similarly  oblique. 

Il.=27o-3.  G.=6'03-7'01.  Lnstre  resinons  or  adamantine.  Color 
wftx-yellow,  passing  into  orange-yellow ;  also  siskin-  and  olive-gi-een,  yel- 
lowish-gray, grayish- white,  hniM'u;  also  orange  to  bright  red.  Streak 
white.    Subtrausparent — subtiaiislncent.    Fi'acture  aiibconchoidal.    Brittle. 


2.  VajuidifeTouM.    ColoT  oiangc  to  bright  led,  k  varii 
n  triozide  38'5,  lend  oxide  G1'5=I00.     Some  v&rietiesci 


V*r.— 1.  OrdSruirn-    ColorjeUov 
occurring  at  PheobiTille,  P». 
Oomp.— PbMOi=MolybdBQi 

taiu  chromium. 

Pyi.,  stc.-^B.B.  deorepitates  and  fuses  below  S;  wJtfa  borax  in  O.F.  gi\ea  a.  uoloriesa  glau, 
in  R.F.  it  becomes  opaqne  blaok  or  dirty  green  with  black  Hocks.  With  salt  of  phoaphoraa 
in  O.F,  gives  a  jellowiBh-green  glass,  which  iu  B.  F.  becomes  dark  green.  With  soda  on  char- 
oohI  fields  metaUio  lead.  Decomposed  on  evaporation  with  hydrochloric  acid,  with  the 
foimation  of  lead  chloride  and  molybdic  onide  ;  on  moiHtening  the  renidne  with  water  and 
adding  metallic  zinc,  it  gives  an  intemie  bine  color,  which  does  not  fade  on  dilution  of  the 

Obs.— This  Bpeoies  occarB  in  veins  with  other  ores  ot  lead.  Found  at  Bleiberg,  etc.,  in 
Carinthia  ;  stRetzbonya;  atPrzibram;  Schneebeigand  Jobanngeorgengtndt ;  at  Moldawa; 
in  the  Kirghia  Steppes  in  &useia  ;  at  Bodenweiler  in  Bodeo  ;  in  the  gold  sinds  of  Uio  Chico 
in  AnUnquio,  Columbia,  S.  A. ;  Wheatley's  miae.  near  Phenixville,  Ph.;  at,  the  Comstockloda 
in  Nevada.  In  Sua  q>ecimGna  from  thu  Empire  mine,  Lacin  District,  Box  Elder  County, 
TItah  ;  at  Empire  mine,  Ii^yo  Co.,  Cal.  ;  in  the  Weaver  dist.,  Ariiona. 

EoBiTB  (Swrnu/).— In  minnte  tetragonal  octahedrons.  Color  deep- red.  Probably  avana- 
dio-molybdate  of  lead.     Leadhilltt,  Scotland. 

Ac&itBHATiTK. — An  nrsenio-molybdato  of  lead.  Analyrda.  As,0,  1835,  MoO,  GOl,  CI 
215.  Pb6-28,  PbO  «8-3l  =  100-00.  Compact;  structure  indibtinotly  crystalline.  K=3-4. 
0.=5'S(]5,  6'1T6  (powder).  Color  liver- brown,  translucent;  in  minute  grains  transparent  and 
color  yellow.  Brittle.  Qoauacere,  State  of  Chibuabna,  Mexico.  {HaUel,  J.  Ch.  Soc,  II., 
iii.,  U«.) 


CntOOOITB.    Crooolaite.    Bolbblelen,  Q»rm. 

Monoclinic.     C  —  77°  27',  /a  /  =  93°  42',  O  A  1-i 
=  0-95507  :  1-0414  :  1,  Dauber.     Cleavage :  /toler- 
ably distinct;  0  and  i-i  less  so.     Snrface/ streaked 
longitudinally ;  the  faces  mostly  smooth  and  sliin- 
ing.     Also  imperfectly  columnar  and  granular, 

II. =25-3.  G.=59-61.  Lustre  adamantine — 
vitreous.  Color  various  shades  of  bright  hyacintii- 
red,     Sti-eak  orange-yellow.     Translucent,     Sectilo. 

Oomp. — PbOrO,=Lead  oxide  38-6,  chromiam  trioxide  81-1  = 

100. 

Pyr.,  etc In  the  olosed  tuba  daorepitatea,  blackens,  but  re- 
covers its  original  color  on  cooling.  B.B.  fuses  at  15,  and  on 
oharcool  is  reduced  to  metallic  lead  with  deflagration,  leaving  a 
residue  of  chromic  oxide,  and  giving  a  lead  coating.  With  salt 
ot  phosphorus  gives  an  emerald-green  bead  in  both  flames.  Fused 
uith  potassium  bisiilpbate  in  the  platinum  spoon  forms  a  dark 
violet  mass,  which  on  solidifying  becDmea  reddish,  and  when 
cold  greenish-white,  thus  differing  from  vanadate,  wbioh 
yeUow  nuM  (Plattuer). 


138°  10';  c:h:d 


timitar  treatment  give 
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Obs. — First  found  at  Beresof  in  Siberia  ;  at  MorBinsk  and  near  Nischne  TagiUk  in  the 
Ural ;  in  Brazil ;  at  Betsbanya ;  Moldawa ;  on  Luzon,  one  of  the  Philippinea. 


FHOESNIOOOHROrrZI.    Melanochroite. 

Orthorliombic  (?).  Cr}  stals  usually  tabular,  and  reticularly  interwoven. 
Cleavage  in  one  direction  perfect.     Also  massive. 

H.=3-3*5.  G.=:5-75.  Lustre  resinous  or  adamantine,  glimmering. 
Color  between  cochineal-  and  hyacinth-red ;  becomes  lemon-yellow  on 
exposure.     Streak  brick-red.     Subtranslucent — opaque. 

Oomp.— PbaCrO9=2PbCr04  4- PbO=Chromium  trioxide  230,  lead  oxide  77*0=100. 

Pyr.,  etc. — B.  B.  on  charcoal  fuses  readily  to  a  dark  mass,  which  is  crystalline  when  oold. 
In  B.F.  on  charcoal  gives  a  coating  of  lead  oxide,  with  globules  of  lead  and  a  residue  of 
chromic  oxide.     Gives  the  reaction  of  chrome  with  fluxes. 

Obs. — Occurs  in  Umestone  at  Beresof  in  the  Ural,  with  crocoite,  yauquelinite,  pyromorphite, 
and  galenite. 


VAUQUBIilNmi. 

Monoclinic.  Crystals  usually  minute,  irregularly  aggregated.  Also 
reniform  or  botryoidal,  and  granular ;  amorphous. 

H.=2-5-3.  (jr.=5-5-5*78.  Lustre  adamantine  to  resinous,  often  faint 
Color  green  to  brown,  apple-green,  siskin-green,  olive-green,  ochre-brown, 
liver-brown  ;  sometimes  pearly  1  )lack.  Streak  green  ish  or  brownish.  Faintly 
translucent — opaque.     P  racture  uneven.     Rather  brittle. 

Oomp.— Pb,CuCr20«=2BCr04+RO.  R=Pb  :  Cu=2  :  1.  The  formula  requires:  Chro- 
mium trioxide  27  6,  lead  oxide  (J I  5,  copper  oxide  10*9=:  100. 

Psrr.,  etc. — B.B.  on  charcoal  slightly  intumesces  and  fuses  to  a  gray  submetallic  globule, 
yielding  at  the  same  time  small  globules  of  metal.  With  borax  or  salt  of  phosphorus  affords 
a  green  transparent  glass  in  the  outer  flame,  which  in  the  inner  after  cooling  is  red  to  black, 
according  to  the  amount  of  mineral  in  the  assay ;  the  red  color  is  more  distinct  with  tin. 
Partly  soluble  in  nitric  acid. 

Obs. — Occurs  with  crocoite  at  Beresof  in  Siberia,  generally  in  mammillated  or  amorphons 
masses,  or  thin  crusts  ;  also  at  Pont  Gibaud  in  the  Puy  de  Dome ;  and  with  the  croooitie  of 
Brazil.  In  the  U.  States  it  has  been  found  at  the  lead  mine  near  Sing  Sing,  in  green  and 
brownish -green  mammillary  concretions,  and  also  nearly  pulverulent ;  and  at  the  Pequa  lead 
mine  in  Lancaster  Co.,  Pa.,  in  minute  crystals  and  radiated  aggregations  on  quartz  and 
galenite,  of  a  siskin-  to  apple-green  color,  with  cerussite. 

Laxmanmite  {phosp/iochromite). — Near  vauquelinite,  but  held  to  be  a  phospho-chromate. 
Beresof. 
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6.  SULPHATES. 


Anhydkous  Sulphates. 


Barite  Orowp. 


BARim.    Baiytes.    Heavy  Spar.     Schwerspath,  Qenn, 

Orthorhombic.    7a  7=  101°  40',  (?  A 14  =  121°  50' ;  c  :  ?  :  rf  =  1-6107 
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Cheshire. 


:  1-2276  : 1.  On\-  115°  42' ;  \^  A  ft,  top,  = 
102°  \r ;  \-l  A 14,  top,  =  74°  36  Crystals  nsn- 
ally  tabular,  as  in  figures ;  sometimes  prismatic 
in  the  direction  of  the  different  axes.  Cleavage : 
basal  rather  perfect ;  /somewhat  less  so;  iA  imperfect.  Also  in  globular- 
forms,  fibrous  or  lamellar,  crested  ;  coareely  laminated,  laminae  convergent 
and  often  curved ;  also  granular ;  colors  sometimes  banded,  as  in  stalagmite. 
H.=2-5-3-5.  G.=4-3-4*72.  Lustre  vitreous,  inclining  to  resnious ; 
sometimes  pearly.     Streak  white.     Color  white;  also  inclining  to  yellow, 

§ray,  blue,  red,  or  brown,  dark  bi-own.     Transparent  to  translucent — opaque, 
ometimes  fetid,  when  rubbed.     Optic-axial  plane  brachy diagonal. 

Oomp. — BaS04=Salphur  trioxide  34*3,  baiyta  65*7=100.  Strontium  and  sometimes  cal- 
cium replace  part  of  the  barium  ;  also  silica,  claj,  bituminous  or  carbonaceous  substances 
are  often  present  as  impurities. 

P3rr.|  etc. — B.B.  decrepitates  and  fuses  at  3,  coloring  the  flame  jellowish-g^en ;  the  fused 
mass  reacts  alkaline  with  test  paper.  On  charcoal  reduced  to  a  sulphide.  With  soda  gives 
at  first  a  clear  pearl,  but  on  continued  blowing  yields  a  hepatic  mass,  which  spreads  out  and 
soaks  into  the  coaL  If  a  portion  of  this  mass  be  removed,  placed  on  a  clean  silver  surface, 
and  moistened,  it  gives  a  black  spot  of  silver  sulphide.  Should  the  barite  contain  calcium 
sulphate,  this  wiU  not  be  absorbed  by  the  coal  when  treated  in  powder  with  soda.  Insoluble 
in  acids. 

Difif. — Distinguishing  characters :  high  specific  gravity,  higher  than  celestite  or  aragonite ; 
cleavage ;  insolubility ;  green  coloration  of  the  blowpipe  flame. 

Obs. — Occurs  commonly  in  connection  with  beds  or  veins  of  metaUic  otcb,  as  part  of  the 
gangue  of  the  ore.  It  is  met  with  in  secondary  limestone,  sometimes  forming  distinct  veins, 
and  often  in  crystalB  along  with  calcite  and  celestite.    At  Dofton,  in  Westmoreland.  Eng- 
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land ;  in  Cornwall,  near  Liskeard,  etc.,  in  Cumberland  and  Lancashire,  in  Derbjabire,  Staf- 
fordfadiire,  etc.;  in  Scotland,  in  Argyleshire,  at  Strontian.  Some  of  the  most  important 
European  localities  are  at  Felsobanja  and  Kremuitz,  at  Freibergf,  Marienberg,  Clausthal, 
Przibram.  and  at  Roya  and  Roure  in  Auvergne. 

In  the  U.  S.,  in  Conn.^  at  Cheshire.  In  X.  York,  at  Pillar  Point;  at  Scobarie ;  in  St. 
Lawrence  Co.;  at  Fowler;  at  Hammond.  In  Viryinui^  at  Eldridge's  gold  mine  in  Bacldnghani 
Co.;  near  Lexington,  in  Rockbridge  Co.;  Fanqoier  Co.  In  Kentucky^  near  Paris  ;  in  the  W. 
end  of  I.  Royale,  L.  Superior,  and  on  Spar  Id. ,  N.  shore.  In  Canada^  at  Landadown.  In 
fine  ciystals  near  Fort  Wallace,  New  Mexico. 

The  white  varieties  of  barite  are  ground  up  and  employed  as  a  white  paint,  either  alone  or 
mixed  with  white  lead. 


OELESTmi. 


Orthorhorabic.  /A /=  104°  2'  (103°  30'-104°  30'),  O  A 14=  121^ 
19i' ;  c:b',d  =  1-6432  :  1*2807  :  1.  6^  A 1  =  115°  38',  6^  A  1-i  =  127°  56', 
1  A 1,  niac,  =  112°  35',  1  A  1,  brach.,  =  80°  26'.  Cleavage :  O  perfect ; 
/distinct;  i- Hess  distinct.  Also  fibrous  and  radiated ;  sometimes  globu- 
lar; occasionally  granular. 
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L.  Erie. 


H. =3-3-5.      G.=3-92-3*975.     Lustre  viti-eous,  sometimes  inclining  to 

S early.     Streak  white.     Color  wliitc,  often  faint  bluish,  and  sometimes  red- 
ish.*^  Transparent — subtranslucent.      Fracture  imperfectly  conchoidal — 
nneven.     Very  brittle.     Trichroisin  sometimes  very  distinct. 

Oomp.— SrS04= Sulphur  trioxide  4.3-6,  strontia  oG-4=100.  ^yitt8tein  finds  that  the  bine 
oolor  of  the  celestite  of  Jena  is  due  to  a  trace  of  a  phosphate  of  iron. 

Pyr.,  etc. — B.B.  frequently  decrepitates,  fuses  at  8  to  a  white  pearl,  coloring  the  flame 
Btrontia-red  ;  the  fused  mass  reacts  alkaline.  On  charcoal  fust^s,  and  in  R.F.  is  converted 
into  a  difficultly  fusible  hepatic  mass ;  this  treated  with  hydrochloric  acid  and  alcohol  gives 
an  intensely  red  tiame.     With  soda  on  charcoal  reacts  like  barite.     Insoluble  in  acids. 

DiflF. — Does  not  effervesce  with  acids  like  the  carbonates ;  specific  gravity  lower  than  that 
of  barite  ;  colfvrs  the  blowpipe  Ilamc  red. 

Obs. — Celestite  is  usually  assoc^iated  with  limestone  or  sandstone.  Occurs  also  in  bedn  of 
gypsum,  rock  salt,  and  clay  ;  and  with  sulphur  in  some  volcanic  regiona  Found  in  Sicily,  at 
Girgenti  and  elsewhere  ;  at  Bex  in  Switzerland,  and  Conil  in  Spain ;  at  Domburg,  near  Jena ; 
in  the  department  of  the  Garonne,  France  ;  in  the  Tyrol ;  Retzbanya  ;  in  rock  salt,  at  lechl, 
Austria.  Found  in  the  Trenton  limestone  about  Lake  Huron,  particularly  on  Strontian 
Island,  and  at  Kingston  in  Canada ;  Chaumont  Bay,  Scoharie,  and  Lockport,  N.  Y.  ;  also 
the  Rossie  lead  mine ;  at  BelPs  Mills,  Blair  Co. .  Penn. 

Named  from  ccelestiff,  ceUufttal,  in  allusion  to  the  faint  shade  of  blue  often  presented  by  the 
mineral. 

BAUYTOCELESTrTE. — Celestite  containing  barium  sulphate  26  p.  c.  (Griiner\  20*4  p.  a 
(Turner),  l-i  .  14=74  541',  h-l  a  i-l  =  100  35',  on  crystals  from  Imfeld  in  the  Binnenthal 
(Neminar).     Drommond  L,  Lake  Erie:  Norten,  Hanover. 
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Stassfort. 


ANHTDRTTB. 

Orthorhombic.    /A  /=  100°  30',  (9  A  1-i  =  127°  W;  c:l:d  =  1-3122 

:  1-2024  :  1.  14  A  1-t,  top,  =  85°.  Cleavage :  /-i  very  per- 
fect ;  i-i  also  perfect ;  O  somewhat  less  so.  Also  fibrous, 
lamellar,  granular,  and  sometimes  impalpable.  The 
lamellar  and  coluiimar  varieties  often  curved  or  contorted. 
H.=3-3  5.  G.= 2-899-2-985.  Lustre :  i-i  and  i-l  some- 
what pearly ;  O  vitreous ;  in  massive  varieties,  vitreous 
inclining  to  pearly.  Color  white,  sometimes  a  grayish, 
bluish,  or  reddish  tinge;  also  brick-red.  Streak  grayish- 
white.  Fracture  uneven;  of  finely  lamellar  and  fibrous 
varieties,  splintery.  Optic-axial  plane  parallel  to  i-i,  or 
plane  of  most  perfect  cleavage;  bisectrix  normal  to  O; 
Grailich. 

Var. — (a)  Giystallized ;  deavable  in  its  three  rectangnlar  directions,  (b)  fibrons ;  either 
parallel,  or  radiated,  or  plumose,  (e)  Fine  granular,  (d)  Scaly  granular.  Vulpinitein  a  scaly 
granular  kind  from  Vnlpino  in  Lombardy  ;  it  is  cut  and  polished  for  ornamental  purposes.  It 
does  not  ordinarily  contain  more  silica  than  common  anhydrite.  A  kind  in  contorted  concre- 
tionary forms  is  the  tripestone  {Oekrosttiein). 

Oomp Ca8o4=Sulphur  trioxide  588,  lime  41-2=100. 

"Pyr^  etc. — B.B.  fuses  at  3,  coloring  the  flame  reddish-yellow,  and  yielding  an  enamel-like 
bead  which  reacts  alkaline.  On  charcoal  in  R.  P.  reduced  to  a  sulphide  ;  with  Boda  does  not 
fuse  to  a  clear  globule,  and  is  not  absorbed  by  the  coal  like  barite ;  it  is,  however,  decomposed, 
and  yields  a  mass  which  blackens  silver ;  with  fluorite  fuses  to  a  clear  pearl,  which  is 
enamel-white  on  cooling,  and  by  long  blowing  swells  up  and  becomes  infusible.  Soluble  in 
hydrochloric  acid. 

Diflf. — Characterized  by  its  cleavage  in  three  rectangular  directions ;  harder  than  gypsum ; 
does  not  effervesce  with  acids  like  the  carbonates. 

Obs. — Occurs  in  rocks  of  various  ages,  especially  in  limestone  strata,  and  often  the  same 
that  contain  ordinary  gypsum,  and  also  very  commonly  in  beds  of  rock  salt.  Occurs  near 
Hall  in  Tyrol ;  at  SiUz  on  the  Xeckar,  in  Wiirtemberg ;  Bleiberg  in  Carinthia ;  LUneberg, 
Hanover;  Eapnik  in  Flungary;  Ischl ;  Aussee  in  Styria;  Berchtesgaden ;  Stassfurt,  in  fine 
crystals.     In  the  U.  States,  at  Lockport,  N.  T.     In  Nova  Scotia. 


ANQIiBSITB.    Bleivitriol,  Germ, 

Orthorhombic.  /a/=  103°  43 J',  O M-l  =  121°  20^',  Kokscharof ; 
c\h\d=  1-G4:223  ;  1-273634  :  1.  0^  l-l  =  127°  48' ;  ^  A  1  =  115°  35^' ; 
1-^A  1-1,  top,  =  75°  35^'.  Crystals  sometimes  tabular  ;  often  oblong  pris- 
matic, and  elongated  in  the  direction  of  either  of  the  axes  (as  seen  m  the 
figures).  Cleavage:  7,  Oj  but  interrupted.  The  planes  I  and  i-l  often 
vertically  striated,  and  ^-l  horizontally.  Also  massive,  granular,  or  hardly 
so.     Sometimes  stalactitic. 

II.=2*75-3.  G.=6*12-6*39.  Lustre  highly  adamantine  in  some  speci- 
mens, in  others  inclininc^  to  resinous  ana  vitreous.  Color  white,  tiuijed 
yellow,  gray,  green,  and  sometimes  blue.  Streak  uncolored.  Transparent 
-—opaque.     I  racturo  conchoidal.     Very  brittle. 

Oomp.— PbS04- Sulphur  trioxide  204,  lead  oxide  73*6=100. 

Pyr.,  etc. — B.  B.  decrepitates,  fusee  in  the  flame  of  a  oaudle  (F.  =1  "S).  On  oharooal  in  O. 
F.  fuses  to  a  clear  pearl,  which  on  cooling  becomes  milk-white ;  in  RF.  isxedooed  witheffar- 
vescciice  to  metaUic  lead.  With  soda  on  chaiooal  in  B.F.  giyw  metallio  IfladL  ittd  Ite  Mdft 
is  absorbed  by  the  coal ;  when  the  surface -of  the  co«l  is  raoMmd  ~  '  "  ^  ^ -^  ' '  "  - 
and  moistened  with  water  it  tamiahes  the  metal  hUwk. 
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Allg1eit«&. 


Obi. — This  ore  of  lead  was  flntt  observed  by  Monnet  as  a  remit  of  the  deoomponltiiHi  ot 
^eoite,  and  it  in  often  found  in  ita  c.ivitiex.  Occum  in  vr^Htaln  at  Leadhilla ;  at  Fary'a  mine 
m  AngleHea  ;  alHO  at  Uetanowctb  in  Cornwall ;  in  Di>rbysbire  and  in  Cumberland  ;  ClaiiBthal, 
Zillerfeld,  nud  Ginpenbach  in  the  liars;  U(?ar  Siegen  in  PruBaia;  Scbapbaoli  in  the  BlaA 
Forent ;  in  Sardinia ;  massive  in  Siberia.  AiulaJnsio,  Aleton  Uoor  in  Cnmberland  ;  in  Ana- 
tralia.  In  tho.lf.  S.,  in  Inige  crjstnU  at  Wheatley's  mine,  Phenixville.  Pa. ;  in  Missoari  lead 
minea  ;  at  the  lend  mineH  of  Houtbanijiton.  M.ish.  ;  at  Roeaie.  S.Y. ;  at  the  Walton  gold  miiM, 
LODiBB  Co.,  Va.     ComiNU't  in  Ariznnu.  and  Ct>rro  Gordo,  Cal. 

DHRKLiTK.—Rhotnboh'flUal.  II.=:!-.l  G.  .-:i-2-S'4.  Color  white.  Composition  given  m 
CnSO.  T  ItBaSO..     Ocoura  in  small  cryHtitlH  nt  Itcaujenu,  Prance ;  Badi^weiter,  Baden. 

DOLRRomANiTE  (Sairehih^X^itSOs.     In  minnte  crystals.     MonocUnio.      Color  brown. 

HvDKOiTANiTR   {Uenixki). — Anhydrone  copper  snlphate,  CnSO,.     GoIot  slty-bloa.     Tei7 
soluble.     Vesuvius. 
APHTniTAi.iTB.  Areanitf. — KjSOi=Pots«hS4-l,  sulphnrioacid  45"9=100,     TesDTioa. 
TuBNARDiTB.— Sodium  sulphate,  Ka,SOi,     Spain;  Vesuvius, 


LBAI)HIZ.Lmi. 


Orthorhoinbic.  I.\  1=  103°  16',  (9a  1-i  =  120  "10';  h\l:&  =  1-7305 
:  1-2632  :  I,  Heiniltedral  in  1  aiul  some  otber  planes ;  hence  monoclinic  in 
aspect,  or  rhomboliedral  when  in  coniptmnd  crystals.  Cleavage:  iH^  very 
perfect ;  I'-t  in  traces.  Twins,  f.  712,  consisting  of  tiiree  crj'stals ;  twimiing- 
ptane,  \-i  (see  f,  298,  p.  97) ;  also  parallel  with  /. 
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H. = 2-5.  G. = 6-26-6-44.  Lustre  of  i-i  pearly,  other  parts  resinous,  some- 
what adamantine.  Color  white, 

passing    into    yellow,    green,  711  712 

or  gray.  Sti*eak  uncolored. 
Transparent  —  translucent. 
Conchoidal  fracture  scarcely 
observable.     Bather  sectile. 

Oomp. — Formerly  accepted  for- 
mula, PbS04+3PbCO,=Lead  sul- 
phate 27*45,  lead  carbonate  72*55= 
100.  Ilecent  investigationB  by  Las- 
peyres  (J.  pr.,  Oh.  IL,  v.,  470;  vii, 
127;  xiii.,  870),  and  Hintze  (Fogg, 
Ami.,  clii,  156),  though  not  entirely 
accordant,  give  different  results,  both 
show  the  presence  of  some  water.  Laspeyres  writes  the  formula  empiricaUy,  PbieCsSftOsi  + 
5HaO,  and  Hintze,  Pb7G4SaOsi+2H80.    Analyses:  1.  Laspeyres;  2,  Hintze: 

SO,  CO,  PbO  H,0 

1.  8*14  808  81 -91  1-87=100,  Laspeyres. 

2.  817  9  18  80-80  200=10015,  Hintze. 

P3rr.,  etc. — B.  B.  intumesces,  fuses  at  1  '5,  and  turns  yeUow  ;  but  white  on  cooling.  Easily 
reduced  on  charcoal.  With  soda  affords  the  reaction  for  sulphuric  acid.  Effervesces  briskly 
in  nitric  acid,  and  leaves  white  lead  sulphate  undissolved. 

Obs. — This  ore  has  been  found  at  Leadhills  with  other  ores  of  lead ;  also  in  crystals  at  Red 
Gill,  Cumberland,  and  near  Taunton  in  Somersetshire ;  at  Iglesias,  Sardinia  (maxite). 

SnsANNiTG. — Composition  as  for  leadhillite,  but  form  rhombohedral.  Leadhills;  Nert- 
schinsk,  Siberia. 

CoNNELLiTE. — Hexagonal.  In  slender  needle-like  blue  crystals.  Contains  copper  sulphate 
and  copper  chloride.     Exact  ci imposition  uncertain.     Cornwall. 

Calkdonitb.— Monodinic  (4S<;AmM/).  H,  =2-5-3.  G.=6-4.  Color  bluish-green.  BtSO, 
4-aq  (Flight),  with  B=Pb  :  Cu=7  :  3,  or  5PbS04+3HaCuO,-f2H.iPbO,.  This  requires  : 
Sulphuric  trioxide  19-1,  lead  oxide  65*2,  copper  oxide  11*4,  water  4*8=100.  Leadhills,  Soot- 
land  ;  lied  Gills ;  Betzbanya  ;  Mine  la  Motte,  Missouri. 

Lanarkitb. — Monoclinic.  H.=2-2-5.  G.  =6-3-6-4.  Color  pale  yellow,  or  greenish- 
white.  Transparent.  Composition  as  formerly  accepted,  PbS04+PbC0a.  New  analyses  by 
Flight,  and  by  Pisani,  show  the  absence  of  both  carbon  dioxide  and  water ;  composition 
accordingly  Pb,S06=PbS04-+-PbO,  which  requires :  Load  sulphate  57-6,  lead  oxide  42*4=100. 
Leadhills;  Siberia,  eta 


QliAUBERITE. 

Monoclmic.     (7=68°  16',   7a/=:83°20',   6>  A  1-i  =  136°  30' ; 
=  0-8454  :  0-8267  :  1.     Cleavage:  O  perfect. 

II. =2-5-3.  G.= 2-64-2-85.  Lustre  vitreons.  Color 
mlo  yellow  or  gray;  sometimes  brick-red.  Streak  white. 
":''ractiire  conchoidal ;  brittle.     Taste  slightly  saline. 


f*  * 
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Oomp.— NatiCaSsOB=Sulphur  trioxide  57-6,  lime  201,  soda  22  3= 
100. 

Pyr.,  etc.— B.B.  decrepitates,  turns  white,  and  fuses  at  1*5  to  a 
white  enamel,  coloring  the  flame  intensely  yellow.  On  charcoal  fuses 
in  O.F.  to  a  clear  bead ;  in  RF.  a  portion  is  absorbed  by  Uie  charcoal, 
leaving  an  infusibe  hepatic  residue.  With  soda  on  charcoal  gives  the 
reaction  for  sulphur.  Soluble  in  hydrochloric  add.  In  water  it  loses 
its  transparency,  is  partially  dissolved,  leaving  a  residue  of  calcium 
sulphate,  and  in  a  liurge  excess  this  is  completely  dissolved.  On  long 
exposure  absorbs  moisture  and  falls  to  pieces. 

Obs — Li  crystals  in  rock  salt  at  Villa  Rubia  in  New  Castile ;  also  at 
Aussee  in  Upper  Austria ;  in  Bavaria ;  at  the  salt  mines  of  Vic  in  France ; 
and  at  Borax  Lake,  Calif omia;  Province  of  T&capaoa,  Pern. 
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EAeCEaTTTZ   ICXtRAUteT. 


M'^.o<::r;:e.     <'=  7i    U  .  /■  /=-•:=  31.  O  ■  1-i  =  130°  l*-;  ^:J;ff 
=  l-l"-i« :  C'-^;*ei  :  1.      C;-ravi_~:    ;.,'  j^rftv:.      I'snallv   in    efflorcsceut 

ll,=l-5-i.    G.=l-4rl.     L-i'tre--.^::*- ::?.     G v-r  white.     Tnnsparvnt— 
opa'iuft,    Ta^te  o>*i,  iLt;.  ftv'..". .-  ia';:.t-  i»:.d  l.:::er. 

34*   f.>Ja  14-3,  nicT  5S-»=l<n. 

ir? :  £->c^  aa  iste*^  jellov  to  tbe  Bame.  TC17 
i-Ju'ii*.  ia  vaur :  the-  tol^itio:.  pit^*  r:r"-  "r^r.^z.  jila  the  rcoctiva  for  iol^aric  acid.  Falb 
Vi  Jnowdw  ',1  tijmTire  M.  ll'.e  »:.-.  !:.■:  iit-_-.>=;^  ni,Tiro=». 

Obt. — Owirs  kt  Ischl  as 
in  'niiair..  ^v^  ;  at  Kailna  o 

Ml*'.  *',siTE.  Borf^iSG. 


I'ceitC'IiM  .  Lecotmte.  and  Gcasoixutk  a; 


OTFSDM. 

M'.ii'x:linic,  <;'=  fi6- 14'.  if  the  xenii-al  prism  /  (see  f.  716)  correspond 
(">  tilt;  (;]eaiajre  jfri-rn  '?ec"iiii  eleavaj.'e >.  and  the  bof^  plane  O  to  ths 
d;p;(:t:'-n  of  the  thin]  (;K-ava:.f.  /. /=13S'  2S'.  l-'i  Al-i  =  123"  31'; 
/:«:«  =  o-t* :  i -41^5  :  1.  'y .  1  =  \'ih  35',  (yAd-i=145°  41',  lAl  = 
143-4L'', -i-i/  i!-(  =  lll'42'. 


f.'l<;!tva;r« :  fl^  »-i,  or  tlimxliiuroiial,  eminent,  affordins;  eaailj  smootli  pol- 
i»lu;'l  ffjl  i;i ;  i^i)  /,  iini^rf cut,  fibrous,  and  often  apparent  in  internal  rim  <ir 
liiiiii^M,  niaklnf,'  with  O  (or  the  edge  24/2-i)  the  angles  66°  14',  and  113° 
4'!',  i;(»ritwjMHiding  to  the  obliqnity  of  the  fundamental  prism;  (3)  <?,  or 
IfiiHii),  iiiiiHirfcct,  hut  affording  a  nearly  smooth  surface.  Twins :  1.  Twin- 
iiing-|ilHnc!  O  common  (f.  717} ;  also  l-?',  or  edge  1  /I.  Simple  crjetals  ofteu 
wrili  wai']iod  aa  well  as  curved  surfaces.  Also  foliated  massive;  lamellar 
h'[-]liLti;;  of  ten  granular  massive ;  and  sometimes  nearly  impalpablei 
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n.  =  1*5-2.  G.  =  2'314-2'328,  when  pure  crystals.  Lustre  of  i-l  pearly 
aiul  shining,  other  faces  subvitreous.  Massive  varieties  often  glistening, 
sometimes  dull  earthy.  Color  usually  white ;  sometimes  gray,  flesh-red, 
honey-yellow,  ochre-yellow,  blue;  impure  varieties  often  black,  brown,  red, 
or  reddish-brown.     Streak  white.     Transparent — opaque. 

Var. — 1 .  CrystaUizedy  or  Sdenite  ;  either  in  distinct  crystals  or  in  brood  folia,  the  folia 
sonietimes  a  yard  across  and  transparent  throujjhout.  2,  Fibrous  ;  coarse  or  fine,  {a)  Satin 
sjutr^  when  tine-fibrous  a  variety  which  has  the  pearly  opalescence  of  moonstone  ;  (b)  plumose, 
when  radiatedly  arranged.  8.  Massive;  Alabaster ^  a  tine-grained  variety,  either  white  or 
delicately  shaded;  semy-grannlttr ;  earUiy  or  rock-gypsum,  a  dull-colored  rock,  often  impure 
with  clay  or  calcium  carbonate,  and  sometimes  with  anhydrite. 

Com?— CaS04+2aq=Sulphur  trioxide  46  5,  lime  :^2(5,  ivater  20'9  =  100. 

Pyr.,  etc. — In  the  closed  tube  gives  off  water  and  becomes  opaque.  Fuses  at  2 '5-3,  color- 
ing the  flame  reddish-yellow.  For  other  reactions,  see  Aniiydritk,  p.  367.  Ignited  at  a 
temperature  not  exceeding  260^  C,  it  again  combines  with  w.it^r  when  moistened,  and 
becomes  firmly  solid.     Soluble  in  hydrochloric  acid,  and  alap  in  400  to  500  parts  of  water. 

Difif. — Characterized  by  its  softness ;  it  does  not  effervesce  nor  gelatinize  with  acids. 
Some  varieties  resemble  heulandite,  stilbite,  talc,  etc ;  and  in  its  fibrous  forms  it  is  like  some 
calcite. 

Obi. — Gypsum  often  forms  extensive  beds  in  connection  with  various  stratified  rocks,  espe- 
cially limestone,  and  marlytes  or  clay  beds.  It  oocurs  occasionally  in  crystalline  ixx!ks.  It  Is 
also  a  product  of  volcanoes ;  produced  by  the  decomposition  of  pyrite  when  lime  is  present ; 
and  often  about  sulphur  springs ;  also  deposited  on  Uie  evaporation  of  sea-water  and  brines, 
in  which  it  exists  in  solution. 

Fine  spocimens  are  found  in  the  salt  mines  of  Bex  in  Switzerland ;  at  HaU  in  the  Tyrol ; 
in  the  sulphur  mines  of  Sicily  ;  in  the  gypsum  formation  near  0(^ana  in  Spain ;  in  the  clay  of 
Shotover  Ilill,  near  Oxford :  at  Montmartre,  near  Paris.  A  noted  locality  of  alabaster  occurs 
at  C:ustelino.  35  m.  from  Leghorn.  In  the  U.  S.  this  species  occurs  in  extensive  beds  in 
N.  York,  Ohio,  Illinois,  Yireinia,  Tennessee,  and  Arkansas ;  it  is  usually  associated  with  salt 
springs.  Also  in  Nova  Scotia,  Peru,  etc.  It  is  characteristic  of  the  so-called  triassio,  or  rtd 
hah,  of  the  Rocky  Mountain  region ;  also  of  the  Cretaceous  in  the  west,  particularly'  of  the 
clays  of  the  Fort  Pierre  group,  in  which  it  occurs  in  the  form  of  transparent  plates. 

Handsome  selenite  and  snowy  gypsum  occur  in  JV.  York^  near  Lockport ;  also  near  Camil- 
lis.  Onondaga  Co.  In  MaryUintd,  on  the  St.  Mary^s,  in  clay.  In  Ohio^  large  transparent 
crystals  have  been  found  at  Poland  and  Canfield,  Trumbull  Co.  In  Tenn.^  selenite  and  ala- 
baster in  Davidson  Co.  In  Kentucky^  in  Mammoth  Cave,  in  the  form  of  rosettes,  etc.  In 
N.  Scotia^  in  Sussex,  King^s  Co. ,  large  crystals,  often  containing  much  symmetrically  dis' 
seminatcd  sand  (Marsh). 

Pl'iHtcr  of  Paris  (or  gjrpsum  which  has  been  heated  and  ground  up)  is  used  for  making 
moulds,  taking  casts  of  statues,  medals,  etc.  ;  for  producing  a  hard  finish  on  walls;  also  in 
the  mauufacture  of- artificial  marble,  as  the  scagliola  tables  of  Leghorn,  and  in  the  glazing  of 
porcelain. 


POLYHALTTE. 

i[onc)clinic(?).  A  prism  of  115°,  with  acute  edges  truncated.  Usually  in 
compact  fibrous  masses. 

11.  =  2*5-3^  G.=2-7689.  Lustre  resinous  or  slightly  pearly.  Streak 
rod.  Color  flesh-  or  brick-red,  sometimes  yellowish.  Translucent — opaque. 
Taste  bitter  and  astriuijent,  but  verv  wealc. 

Comp.— 2RS04-(-aq.  where  R=Ca  :  Mg  :  K,  in  the  ratio  2:1:1;  that  is,  K2MgCa.S40,« 
+  2aq  — Calcium  sulphate  45*2,  magnesium  sulphate  19*9,  potassium  sulphate  28  9,  water 
0-0^100. 

Pyr.,  etc, — In  the  closed  tube  gives  water.  B.B  fuses  at  1*5.  colors  the  flame  yellow.  On 
charnoal  fuses  to  a  reddish  globule,  which  in  R.F.  becomes  white,  and  on  cooling  has  a  saline 
he|>atic  taste ;  with  soda  like  glauberite.  With  fluor  does  not  give  a  clear  bead.  Partially 
.violuble  in  water,  leaving  a  residue  of  calcium  sulphate,  which  dissolves  in  a  large  amount  of 
water. 
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i '  '       '       '^^^     /      1  ' '     JL' .  O'  /  -  lifT    4'i ,  /  ■  /'  ~  123-  10*.  (/   1 
l/..'    •;•  .   ''y     ,  ,       ,j'.    ;,•».   /y     ;.;  ..:  pt:;     :f7'.     Cleavaf.'e :  /  hnper- 
^''*/    •'•.      /.;.<■*''•.     ^ /'■'•.!- ;i  I-'.  .'iMioqiliMii*.  j-talartitjc,  reiiifriiTTL 

J'  '"  ''  Jiri.;.  I.  .-*.•*■  •.i*ri-.,j|-.  ("wlt»r  Ik'rliij-ljliic  t«;»  s-kv-Mne. 
of  <;  •!•  i'jj'  .'ja'i*'- :  .-/'jj  Mm*-  Ji  iifl'*  l*-!'*'*.-!!!.-!!.  Srix-stk  iinc«il«>r€?il/  i*ub- 
tr;ijj-j;tn-jjt      inur-iii^-i-ii?.     'J';i-to  m«;t{il!.w;  aud  iiaii.*e«»ii5.     Soincwliat  brittle. 

Comp.     Tii-o.  .  .'Jrx'i     SiiJpK.jr  •rioxi-l';  IVi).  r'^pi^T  oxiilr^  :n-8.  water  36*1  =  100. 

Pyr.,  «tc.  Jjj  tljt; /;ji/-«:.i  iijr^  \  ,*  ,ti^  w;ii«r.  aMl  >it  u  hijfbvr  t€'iuf>eratiire  ralphnric  add. 
IJ  iJ.  with  *^xhi  tm  t;hai''f;il  .\ii  .1  jr.i  t;.llif;  ( ..|,j,.rr.  With  the  ttiix*:s  reacts  for  copper.  Sola- 
W.*-  Ill  w:it«  I-;  :i  #lro|i  of  th'   -.ii.tioi.  ].::ir«-.i  o;j  a  snrfju-«;  of  iron  cmitM  it  with  xnetidiic copper. 

Ob  I.  lihi*;  vitriol  \\*  fuuufl  jn  w:tt<:rh  \fy\k\u^  from  niiiioH.  and  in  connection  with  rockicon- 
Ujiniii^'  chriI<:opyritu,  hy  the  altcriitiou  of  which  it  \m  formed.     Some  of  iU  foreign  looalit'ei 
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are  the  Rammelsberg  mine,  near  Goslar,  in  the  Harz ;  Fahlnn  in  Sweden ;  at  Paryif  mine, 
Anglesey ;  at  various  mines  in  Co.  of  Wicklow ;  Rio  Tinto  mine,  Spain.  Found  at  the 
Hiwassee  copper  mine,  and  other  mines,  in  Polk  Co.,  Tennessee  ;  at  the  Canton  mine,  Georgia; 
at  Copiapo,  Chili,  with  stypticito. 

When  purified  it  is  employed  in  dyeing  operations,  and  in  the  printing  of  cotton  and  linen, 
and  for  various  other  purposes  in  the  arts.  It  is  manufactured  mostly  from  old  sheathing, 
copper  trimmings,  and  refinery  scales. 

Other  vitriols  are : — Mblantkrite,  iron  vitriol ;  Pisanite,  iron-copper  vitriol ;  Goslar- 
ITE,  zinc  vitriol ;  BiEBERiTK.  cobalt  vitriol ;  Morbnosete,  nickel  vitriol ;  Cufromagnesite, 
copper- magnesium  vitriol  (Vesuvius).  These  are  all  alike  in  containing  7  molecules  of  water 
of  ci^'stallization. 

Alunogen  (Haarsalz,  Oerm.), — AlSaOi9+18aq= Sulphur trioxide 30  0,  aluminal5'4,  water 
48*<)  =  100.     Taste  like  that  of  ^um.     Vesuvius;  Eon igsberg,  Hungary. 

CoQUiMBrTB.--FeS30i a +9aq=  Sulphur  trioxide  42*7,  iron  sesquioadde  28*5,  water  28*8= 
100.     Coquimbo,  Chili. 

Ettringite  (/>^mii/i»).— Analysis,  SO,  16*64,  AlO,  7-70,  CaO  27*27,  H,0  4582.  In  hexa- 
gonal needle-like  crystals  from  the  lava  at  Ettringen,  Laacher  See. 

Alum  and  HalatriehiU  Groups. 

Here  belong :  TscnERMiGiTE,  ammonium  alum.  Ealinite,  potassium  alum,  or  common 
alum.  Mendozite,  sodium  alum.  Pickeringite,  magnesium  alum.  Apjounite,  man- 
ganese alum.  BosJEMANNiTE,  mangano-magnesium  alum.  Halotrichite,  iron  alum. 
Also  RtEMEUiTE,  and  Voltaite. 


OOPIAPITB. 

Hexagonal  (?).  Loose  aggregation  of  crystalline  scales,  or  granular  massive, 
the  scales  rhombic  or  hexagonal  tables.  Cleavage:  basal,  j>erfect.  In- 
crusting. 

II.=:1'5.  G.=2"14,  Borcher.  Lustre  pearly.  Color  sulphur-yellow, 
citron-yellow.     Translucent. 

Oomp.— Fe2SftOsi+18aq,  Rose;  5FeSsOis+H6FeOe= Sulphur  trioxide  41-9,  iron  sesqui- 
oxide  :J3-5,  water  24  5=100. 

P3rr.,  etc. — Yields  water,  and  at  a  higher  temperature  sulphuric  acid.  On  charcoal  be- 
comes magnetic,  and  with  soda  affords  the  reaction  for  sulphur.  With  the  fluxes  reactions 
for  iron.     In  water  insoluble. 

Obs. — Common  as  a  result  of  the  decomposition  of  pyrite  at  the  Rammelsberg  mine,  near 
GoBlar  in  the  Harz,  and  elsewhere. 

Thin  species  is  the  yellow  copperas  long  called  misy,  and  it  might  weU  bear  now  the  name 
Mi\f/lite. 

Raimondite. — Composition  Fe2SiOift-i-7aq.  Fibroferrite  (stypticite).— Composition 
FeS.Oa  +  lOaq. 

BoTRYOOEN  is  red  iron  vitriol,  exact  composition  uncertain.  Fahlun,  Sweden.  Bartho- 
I.OMITE,  West  Indies,  is  related. 

IiiLEiTE.— Fe28sOis+12aq.  Occurs  as  a  yellow  efllorescenoe  on  graphite  from  Mugrau, 
Bohemia  (Sehrauf). 


ALUMOnTB. 


Reniform,  massive ;  impalpable. 

n.=l-2.      G.=1-G6.      Lustre  dull,  earthy.      Color  white.      Opaque, 
Fracture  earthy.     Adheres  to  the  tongue ;  meagre  to  the  touch. 
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Comp.— ::\lS0«+9aq=Sulphur  trioxide  202,  alumina  29-8,  water  470=100. 

P3ri'-i  etc. — In  the  clottc<l  tube  given  much  water,  which,  at  a  high  temperature,  becomes 
aci'l  from  the  evolution  of  hulphurouR  and  Hulphuric  oxides.  B.B.  infumble.  With  cobalt 
Mlution  a  fine  blue  color.     With  HoUa  on  charcoal  a  hepatic  matts.     Soluble  in  acids. 

Obs. — Occurs  in  connection  with  beds  of  clay  in  the  Tertiary  and  Post- tertiary  formations. 
Found  near  Halle ;  at  Xewhavcn.  Sussex;  Kpi^may,  in  Lunel  Vieil,  and  Auteuil,  in  France. 

Wektiiemanitk.— A1S0.1  +  :^aq.     (J.  =2KK     Oceura  near  Chachapoyap,  in  Pern. 

An'MTK,  Aluunstein,  (ienu. — Composition  KaAljS^Ois  +  Oaq.  Rhonibohedral.  Also 
ma>>Hive,  fibrouH.  Forms  seam8  in  trachyte  and  allied  rocks.  Tclfa,  near  Borne;  Toacany; 
Hungary ;  Mt.  Dore,  France,  etc. 

LowiuiTE. — Same  composition  as  alunite,  but  contains  3  parts  more  of  water.  Tabrze, 
Silesia. 

UNARrrXi.    Bleilasur,  Kupferbleispatb,  Germ. 

Moiioclinic.     0=  7r  '27' ;  7a  /,  over  /-/,  =  <;r  30',  O  A  1-i  =  141°  b\ 

(' :  f)  :  <r  =  0-4xl.'>4  :  <)-r)S10  :  1,  Ilessenhcrg.     Twins: 
'*'^8  twinnlnirpljuu^     /-/    (•(niniiou  ;     (>  A  6/' :=  154**    54'. 

('Icjivaj4:e  :  i-i  very  perfect ;   O  less  so. 

II.  =  25.  (i. =5.3-5*45.  Lustre  vitreous  or  ada- 
nijintine.  Color  deej)  azure-hliie.  Streak  pale  blue. 
TransliK-ent.     Fracture  conehoidal.     Brittle. 

Oomp.—PbCuS06 + aq= (Pb,  Cu)S04  +  H,(Pb, Cu)Oa  :i=  Sulphur  trioxide  20  0,  lead  oxide  55  7, 
copper  oxide  10  8,  water  4*5  =  100. 

Pyr.,  etc. — In  the  clow^d  tul)e  yields  water  and  loses  its  blue  color.  B.B.  on  charcoal  fuses 
easily  to  a  pearl,  and  in  R.F.  is  reduced  to  a  metallic  j^lobvlo  which  by  continued  treatment 
coats  the  coal  with  lea<l  oxi<ie,  and  if  IiischI  l>oron  trioxide  is  abided  yields  a  pure  globule  of 
coi)per.  With  soda  give.s  the  reaction  for  sulphur.  DecomjKJsed  with  nitric  acid,  learing  a 
white  residiio  of  lead  sulphato. 

Obs. — Formerly  found  at  L(>adhills.  Occurs  at  Rout^hten Gill,  Red  Gill,  etc.,  in  Cumber- 
Innd  ;  near  Schnecberj^,  rare;  in  Dillenburjif ;  atlletzbanya;  in  Xertschiusk ;  and  near  Beresof 
in  the  Ural ;  and  supposed  formerly  to  be  found  at  Linares  in  Spain,  whence  the  name. 


BROOHANTTTE. 

Monoclinie.  C=  80°  27^'.  /A  /=  104°  Of,  6^ Al-l  =  154°  12^' ;  /• : 
h  :  d  =1  0-()1083  :  l-!^8242  :  1.  Schrauf  (lii^tin<i;uislies  four  types  of  forms : 
I.  I>rocluintite  from  Iletzhanva  (two  varieties),  also  from  Cornwall  and 
Rns.-ia,  triclinic  ;  IL  Wfirrl/H/toHife  from  Cornwall,  a  third  variety  from 
Retzbanya,  monoclinie  (if) ;  III.  l>n)ehantite  from  Nisehne-Tagilsk,  mono- 
clinic; — trielinie ;  IV.  Koni(jine  from  Russia,  and  a  fourth  variety  from  Iletz- 
banya,  monoclinie  (or  t)rthorhoml)ic). 

Also  in  t^roups  of  acicular  crystals  and  drusy  crusts.  Cleava^^:  i-\  very- 
perfect ;   /  in  traces.     Also  massive;  reniform  with  a  colunmar  structure. 

II.  =  ;:Jy-4.  (r.=8-78-  8-87,  Map:nus ;  800G9,  G.  Rose.  Lustre  vitreous; 
a  little  pearly  on  the  cleava«^e-face.  Color  emerald-green,  blackisli-grecn. 
Streak  i>aler  green.     Transparent — translucent. 

Oomp — Cu«S07-l-3H,0=CuS04^  .111  CuO,- Sulphur  trioxide  17-71,  copper  oxide  70  34, 
water  11  1)5  =  100.  This  formula  bolonjrs  to  type  IV.,  above  ;  the  warringtonite  corresponds 
more  nearly  to  CuS04-|-3HaCuO;-hH.O,  and  the  existence  of  other  varieties  has  been  also 
assumed. 

Pyr.,  etc. — ^Yields  water,  and  at  a  higher  temperature  sulphuric  acid,  in  the  closed  tube, 
and  becomes  black.  B.  B.  fuses,  and  on  charcoal  affords  metallic  copper.  With  soda  gives 
the  reaction  for  sulphuric  acid. 
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Obfu— Oocnrs  at  GomeschevBk  and  Nischne-Tagilsk  in  the  Ural ;  the  Eoni^ne  (or  Konigite) 
was  from  GumeBchevdc  •  near  Roughten  Gill,  in  Cnmberland  j  in  Cornwall  (in  part  warring- 
tonite)  ;  at  Ketzbanya ;  in  Nassau ;  at  Krisuvig  in  Iceland  {knsuvigite) ;  in  Mexico  {brongnar- 
tine) ;  in  Chili,  at  Andacollo  ;  in  Australia. 

Named  after  Brochant  dc  Villiers. 

Lancsite. — CuS04  4-2H.CuO.-}-2aq.  In  crystals  and  concretionary  crusts  of  a  blue  color. 
G .  -  ii  .").     Cornwall. 

Cyanotkiciiitk.  Lcttaomite.  Kupfersammterz*  Oertn. — In  velvety  druses.  Color  blue. 
Anli\drous  sulphate  of  copper  and  aluminum.  Moldava  in  the  Banat.  Woodwardite,  near 
the  ahove. 

Kit  N KITE — CuS0^-^NaaS0^  +  2aq= Copper  sulphate  47'2,  sodium  stilphate  42  1,  water 
]()  I  l-)().  In  irregular  crystalline  masses  of  a  coarse  fibrous  structure,  prismatia  Color 
aznrn-blue.  Moist  to.  the  touch.  Found  in  the  copper  mines  near  Calama,  Bolivia.  {Dome^ko.) 

Pii!'..!.iPiTK. — CuSOi  +  FeSsOia-hnaq.  In  irregular  fibrous  masses,  not  prismatic  Color 
1)1  u<>.     In  the  Cordilleras  of  Condes,  Santiago,  Chili     {Domeyko,) 

Enysitk. — Occurs  in  stalnctitic  forms  in  a  cave.  H.  =2-2*4.  G.  =  1'59.  Color  bluish- 
«:i-eu.  B.B.  infusible.  Analysis:  SO,  812,  AlO,  29-85,  CuO  16-91,  CaO  1-85,  H,0  39'42, 
SiO:  :}-40,  CO,  1  05=100.     Near  St.  Agnes,  Cornwall    (CoUins,  Min.  Wig.,  1,  p.  14.) 

UuANru.M-8ULPHATE8  — There  are  included  here ^Wi<£7mito,  uranochaldte^  m&ijidUe^  zippeite^ 
vogUiinite,  uraconite.  These  are  secondary  products  found  with  other  uranium  minerals  at 
JoachimsthaL 


Tellurates. 


MONTANTTE. 


Incnisting;  without  distinct  crystalline  strnctnre. 

Soft  and  earthy.     Lustre    dull    to  waxy.     Color  yellowish   to  white. 
Opaque, 

Oomp.— Bi,TeO.+2aq=Tellurium  trioxide  26-1,  bismuth  oxide  68*6,  water  53=100. 
Pyr.,  etc. — ^Yields  water  in  a  tube  when  heated.     B.B.  gives  the  reactions  of  bismuth  and 
tellurium.     Soluble  in  dilute  hydrochloric  acid. 
Obs. — Incmsts  tetradymite,  at  Highland,  in  Montana ;  Davidson  Co.,  N.  G. 


DKSCBIFTITE  KmXRALOOT. 


7.  CAKBONATES. 

Anuvdrous  Gakbokatbs. 

Calcite  Group. 

OAIiOITB.    Cain  Spar.    K>lkq|Mttu  Otrm. 


Rhombohedral.     liAli,   terminal,  =  105' 
0-8543.    Cleavage:  ^highly  perfect. 


5',  O AS  =  135°  23';  c  = 


AkoI.BS  of  EHOHBOUKDItON& 


Term.  Edge. 

O.yJi 

Term.  Edge. 

OaS 

158°    3- 

160'    8' 

-i        BS"  38' 

139°    3 

134'  67' 

153"  43' 

8(-3)        78"  51' 

116'  sr 

106°    5' 

135°  38- 

4(-4)       65°  50' 

101°  17' 

Akglbb  of 

Edge  X(f.  734).        T.  Z. 

1'  186°    6'        158°  34'        64'  64' 

i'         138°  15'       146°  10'       B0°  30' 

1»  104°  88'        144°  34'      133°  58' 


109° 


184°  ; 


EdgeX. 

T. 

z. 

i* 

130=  ST 

164°    1' 

67°  41' 

!■ 

107°  83' 

145°  15' 

184*  S»' 

J' 

117°  33' 

140°  4.1' 

109°  86' 

h 

83'    9' 

153°  10' 

136°  IV 
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Twins :  (1)  Twinning-plane  basal  (or  parallel  to  O).  (2)  i?,  the  vertical 
axes  of  the  two  forms  nearly  at  right  angles.  (3)  —2^.  (4)  —\Ry  the 
vertical  axes  of  the  two  forms  inclined  to  one  another  127°  34'.  (6)  Pris- 
matic plane  ?'-2.     (6)  plane  i  (see  p.  95). 

Also  fibrous,  both  coai-se  and  fine;  sometimes  lamellar;  often  granular ; 
from  coai-se  to  impalpable,  and  compact  to  earthy.  Also  stalactitic,  tube- 
rose, nodular,  and  other  imitative  forms. 

II.=2-5-3-5  ;  some  earthy  kinds  (chalk,  etc.)  1.  G.=2-508-2-778  ;  pure 
crystals,  2-7213-2-7234:,  Beud.  Lustre  vitreous — subvitreous — earthy.  Color 
white  or  colorless ;  also  various  pale  shades  of  gray,  red,  green,  blue,  violet, 
yellow;  also  brown  and  black  when  impure.  Streak  white  or  grayish. 
Transparent — opaque.  Fracture  usually  conchoidal,  but  obtained  with 
dilhculty  when  tlie  specimen  is  crystallized.     Double  refraction  strong. 


729 


730 


731 


Derbyshire. 


Alston-Moor. 


Comp.,  Var. — Calcite  is  calcium  carbonate,  CaCO,= Carbon  dioxide  41,  lime  56=100. 
Part  of  the  calcium  is  sometimes  replaced  by  magnesium,  iron,  or  manganese,  more  rarely  by 
strontium,  barium,  sine,  or  lead. 

The  varieties  are  very  numerous,  and  diverse  in  appearance.  They  depend  inainly  on  tha 
following  points  :  (1)  differences  in  crystallization;  (2)  in  structural  condition,  the  extremes 
being  ])erfect  crystals  and  earthy  massive  forms ;  (3)  in  color,  diaphaneity,  odor  on  friction, 
due  to  impurities ;  (4)  in  modes  of  origin. 

1.  CryittaUizedn  Crystals  and  crystallized  masses  afford  easily  cleavage  rhombohedrons ;  and 
when  transparent  they  are  called  Icdnad  Spar^  and  also  DouUy-i  efracting  ISpar  (Doppels- 
path,  Genu.). 

The  crystals  vary  in  proportions  from  broad  tabular  to  moderately  slender  acicular,  and 
take  a  great  diversity  of  forms.  But  the  extreme  kinds  so  pass  into  one  another  through  those 
that  are  Intermediate  that  no  satisfactory  classification  is  possible.  Many  are  stout  or  short 
in  shape  because  normally  so.      But  other  forms  that  are  long  tapering  in  their  full  develop- 
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ment  occur  short  and  stont  because  abbreviated  bj  an  abrupt  termination  in  a  broad  o^  or  an 
obtuse  rhombohedron  (as  -4  or  7? ),  or  a  low  scalenohedron  (as  ^^),  or  &  combination  of  these 
forms ;  and  thus  the  crystals  having  csncntially  the  same  combinations  of  planes  yaiy  greatly 
in  shape.     The  acute  scalenohedrons  like  f.  724,  are  called  dog-tooth  spar. 

Fontainebleau  Uinestoiu,  CryHtals  of  the  form  in  f.  719c,  from  Fontiuneblean  and  Nemoun, 
France,  containing  a  large  amount  of  sand,  some  50  to  03  p.  c.  Similar  sandstone  crys- 
tals occur  at  Sievring,  near  Vienna,  and  elsewhere.  Pseudomorphous  scalenohedrouB  of  Band- 
stone,  after  calcite,  are  found  near  Heidelberg. 

Htitin  Spar  ;  fine  fibrous,  with  a  silky  lustre.  Resembles  fibrous  gypsnm,  which  is  also 
caUcd  satin  spar,  but  is  much  harder  and  effervesces  with  acids.  Argentine  {Schieferttpath)^ 
a  pearly  lamellar  calcite,  the  lamelhc  more  or  less  undulating ;  color  white,  gprayish,  yeUowiah, 
or  reddish.  AphrUe^  in  its  harder  and  more  sparry  variety  {Schannutpitth)  is  a  foliiited  white 
pearly  calcite,  near  argentine ;  in  its  softer  kinds  {Scfuinmerde^  Silvery  ChaUc^  Eeumede  Terrt 
H.)  it  approaches  chalk,  though  lighter,  pearly  in  lustre,  silvery- white  or  yellowish  in  color, 
soft  and  greasy  to  the  touch,  and  more  or  less  scaly  in  structure. 

2.  Mamve  Varieties,  Granular  limestone  {S'ieeMroid4UUment/)ne,  so  named  becanae  like  loaf* 
sugar  in  fracture).  The  texture  varies  from  quite  coarse  to  very  fine  granular,  and  the  latter 
passes  by  imperceptible  shades  into  compact  limestone.  The  colors  are  various,  as  white, 
yellow,  reddish,  green,  and  usually  they  are  clouded  and  give  a  handsome  effect  when  the 
material  is  polished.  When  such  limestones  are  fit  for  polishing,  or  for  architectural  or  orna- 
mental use,  they  are  called  marbles.  Statuary  marble  is  pure  white,  fine  grained,  and  firm 
in  texture.  Hard  compact  limentone^  varies  from  nearly  pure  white,  through  grayish,  drab, 
buff,  yellowish,  and  reddish  shades,  to  bluish-gray,  dark  brownish -gray,  and  black,  and  is  some- 
times varioubly  veined.  The  colors  dull,  excepting  ochre-yellow  and  ochre-red  varieties. 
Many  kinds  moke  beautiful  marble  when  polished. 

SfieU-marble  includes  kinds  consisting  largely  of  fossil  sheila  Ruin-marhle  is  a  kind  of  com- 
pact calcareous  marl,  showing,  when  polished,  pictures  of  fortifications,  temples,  etc. ,  in  rains, 
due  to  infiltration  of  oxide  of  iron.  Lithographic  stone  is  a  very  even  grained  compact  lime- 
stone, usually  of  buff  or  drab  color ;  as  that  of  Solenhofen.  Breccia  nutrb'e  is  made  of  frag- 
ments of  limestone  cemented  together,  and  is  often  very  beautiful  when  the  fragments  are  of 
different  colors,  or  are  imbed' led  in  a  base  that  contrasts  well.  The  colors  are  very  various. 
Pudding  stone  marble  consists  of  pebbles  or  rounded  stones  cemented.  It  is  often  called, 
improperly,  breccia  marble. 

Jli/draulic  limestone  is  an  impure  limestone.  The  varieties  in  the  United  States  contain  20 
to  4()  p.  c.  of  magnesia,  and  12  to  'M)  p.  c.  of  silica  and  alumina. 

S(ift  Cy/)mpact  limestone.  Chalk  is  white,  grayish -white,  or  yellowish,  and  soft  enough  to 
leave  a  trace  on  a  board.  The  consolidation  into  a  rock  of  such  softness  may  be  owing  to  the 
fact  that  the  material  is  largely  the  hollow  shells  of  rhizopods.  Galcare*Mis  maH  (Meigel- 
kalk,  Germ. )  is  a  soft  earthy  deposit,  often  hardly  at  all  consolidated,  with  or  without  dis- 
tinct fragments  of  shells  ;  it  generally  contains  much  clay,  and  graduates  into  a  calcareous 
clay. 

Coneretionarg  massive.  Oolite  (Rogenstein,  Germ.)  is  a  granular  limestone,  but  its  grains 
are  minute  rounded  concretions,  looking  somewhat  like  the  roe  of  a  fish,  the  name  coming 
from  *w<n',  egg.  It  occurs  among  all  the  geological  formations,  from  the  Lower  Silnriau  to 
the  most  recent,  and  it  is  now  forming  about  the  coral  reefs  of  Florida.  Pisolite  (£r1>8entein, 
Germ. )  consists  of  concretions  as  large  often  as  a  small  |)ea,  or  even  larger,  the  concretions 
having  usually  a  distinct  concentric  structure.  It  is  formed  in  large  masses  in  the  vicinity  of 
the  Hot  Springs  at  Carlsbad  in  Bohemia. 

Dejif/sitedfrom  calcareous  springs^  streams,  or  in  caverns^  ete.  (a)  Stalactites  are  the  calcareous 
cylinders  or  cones  that  hang  from  the  roofs  of  limestone  caverns,  and  which  are  formed  from 
the  waters  that  drip  through  the  roof ;  these  waters  hold  some  calcium  bicarboimte  in  solu- 
tion, and  leave  calcium  carbonate  to  form  the  stalactite  when  evaporation  takes  place.  Sta- 
lactites vary  from  transparent  to  nearly  opaque ;  from  a  granular  crystalline  structure  to  a 
ra<liating  fibrous ;  from  a  white  color  and  colorless  to  yellowish -gray  and  brown,  (b)  Staltig- 
initf  is  the  same  material  covering  the  floors  of  caverns,  it  being  made  from  the  waters  that 
drop  from  the  roofs,  or  from  sources  over  the  bottom  or  sides ;  cones  of  it  sometimes  rise  from 
the  floor  to  meet  the  stalactites  above. 

(c)  OalC'Sifiter,  Tratertine,  Calc  Tvfa.  Travertine  ( CV>/i/<'ffo  rfj  Tiro^*)  is  of  essentially  the 
same  origin  with  stalagmite,  but  is  distinctively  a  deposit  from  springs  or  rivers,  especially 
where  in  large  deposits,  as  along  the  river  Anio,  at  Tivoli,  near  Rome,  where  the  deposit  is 
scores  of  feet  in  thickness.  It  has  a  very  cavernous  and  irregularly  banded  structure,  owing 
to  its  mode  of  formation. 

(d)  Agaric  mineral;  Rock-milk  (BergmUch,  Montmilchy  Germ.)  is  a  very  soft,  white  material, 
breaking  easily  in  the  fingers,  deposited  sometimes  in  caverns,  or  about  sources  holding  lime 
in  solution. 
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(e)  Rock-meal  {BergmeM,  Grerm.)  is  white  and  lights  like  cotton,  becoming  a  powder  on  the 
slightest  pressure.  It  is  an  etilorescence,  and  is  common  near  Paris,  especially  at  the  quarries 
of  Nauterre. 

Fyr.,  etc. — In  the  closed  tube  sometimes  decrepitates,  and,  if  containing  metallic  oxides, 
may  change  its  color.  B.B.  infusible,  but  becomes  caustic,  glows,  and  colors  the  Hame  red  ; 
after  ignition  the  ossiy  reacts  alkaline;  moistened  with  hydrochloric  acid  imparts  the  charac- 
teriHtic  lime  color  to  the  Hame.  In  borax  dissolves  with  effervescence,  and  if  saturated, 
yields  on  cooling  an  opaque,  milk-white,  crystalline  bead.  Varieties  containing  metallic 
oxidos  color  the  borax  and  salt  of  phosphorus  beads  accordingly.  With  soda  on  platinum  foil 
fuses  to  a  clear  mass ;  on  charcoal  it  at  first  fuses,  but  later  the  soda  is  absorbed  by  the  coal, 
leaving  an  infusible  and  strongly  luminous  residue  of  lime.  In  the  solid  mass  eifervesces 
when  moistened  with  hydrochloric  acid,  and  fragments  dissolve  with  brisk  effervescence  even 
in  cold  acid. 

Uiff. — Distinguishing  characters :  perfect  rhombohedral  cleavage ;  softness,  can  be  scratched 
with  a  knife  ;  effervescence  in  cold  dilute  acid;  infusibility.  Less  hard  and  of  lower  spe^ilic 
gravity  than  aragonite. 

Obs. — Andrcasberg  in  the  Harz  is  one  of  the  best  European  localities  of  crystallized  calcitc ; 
there  are  other  localities  in  the  Tyrol,  Styria,  Carinthia,  Hungary,  Saxony,  Hesse  Darmstadt 
(at  Auerbach),  Hesse  Cassel,  Norway,  France,  and  in  England  in  Derbyshire,  Cumberland, 
Cornwall ;    Scotland ;  in  Iceland. 

In  the  U.  States  prominent  localities  are :  in  N.  Tork^  in  St.  Lawrence  and  Jefferson  Cos., 
especially  at  the  Rossie  lead  mine  ;  in  Antwerp;  dog-tooth  sjyar,  in  Niagara  Co.,  near  Lock- 
port  ;  near  Booneviile,  Oneida  Co.  ;  at  Anthony's  Nose,  on  the  Hudson ;  at  Watertown, 
Agrtrw  mineral;  at  Schoharie,  fine  stalactites  in  many  caverns.  In  Conn.^  at  the  lead  mine, 
Middletown.  In  N.  Jersty^  at  Bergen.  In  Virginia^  at  the  celebrated  Wier's  cave,  stalactites 
of  great  beauty;  also  in  the  large  caves  of  Kentucky.  At  the  Lake  Superior  copper  mines, 
splendid  crystals  often  containing  scales  of  native  copper.  At  Warsaw,  lUinois  ;  at  Quincy, 
lli.;  at  Hazle  Green,  Wis.     In  Nova  Scotia,  at  Partridge  I. 


DOLOMrm. 

Ehombohedral.  7?  A  7?  =  106°  15',  6>a7?  =  136°  8^';  0  =  0-8322. 
lihli  varies  betweeu  106°  10'  and  106°  20'.  Cleavage : 
Ji  ])erfect.  Faces  It  often  carved,  and  secondary 
planes  nsually  with  horizontal  striae.  Twins :  similar 
to  f .  7':53.  Also  in  imitative  shapes;  also  amorphons, 
grannlar,  coarse  or  fine,  and  grains  often  slightly 
coherent. 

II. =3-5-4.  G.=2*8-2'9,  true  dolomite.  Lustre  vit- 
reous, inclining  to  pearly  in  some  varieties.  Color  white,  reddish,  or  green- 
ish-wliite  ;  also  rose-red,  green,  brown,  gray,  and  black.  Subtransparent  to 
translucent.     Brittle. 

Oomp.,  Var. — (Ca,Mg)Cos,  the  ratio  of  Ca  :  Mg  in  normal  or  true  dolomite  is  1  :  l=Gal- 
cium  carbonate  54*35,  magnesium  carbonate  45*65.  Some  kinds  included  under  the  nante 
have  other  proportions  ;  but  this  may  arise  from  their  being  mixtures  of  dolomite  with  calcite 
or  iriagncsite.     Iron,  manganese,  and  more  rarely  cobalt  or  zinc  are  sometimes  present. 

The  varieties  are  the  following : 

CiystnlUzed,  Pearl  spar  includes  rhombohedral  crystaUizations  with  curved  faces.  Colum- 
nnr  or  fibrous.  GrantUar  constitutes  many  of  the  kmds  of  white  statuary  marble,  and  white 
and  colored  architectural  marbles,  names  of  some  of  which  have  been  mentioned  under  calcite. 

Compact  inassivej  like  ordinary  Umestone.  Many  of  the  limestone  strata  of  the  g^obe  are 
here  included,  and  much  hydraulic  Umestone^  noticed  under  calcite. 

Ferriferous  ;  Brawn  spar^  in  part.  Contains  iron,  and  as  the  proportion  increases  it  gradu- 
ates into  ankerite  (q.  v.).  The  color  is  white  to  brown,  and  becomea  brownish  on  exposure 
through  oxidation  of  the  iron.  Manganiferous.  Colorless  to  flesh-red.  i?A  2^=106' 23'; 
100"  16'.     CobaUiferous,    Colored  reddish  ;  G.=2-921,4Jibb8. 

The  varieties  based  on  variations  in  the  proportions  of  the  carbonates  are  the  following : 
(a)  Normal  dolomite^  ratio  of  Ca  to  Mg=l  :  1,  {b)  ratio  14  :  1=8  :  2 ;  ratio =2  :  1 ;  ratio  3  : 
1 ;  ratio=5  :  1 ;  ratio  1  :  3.    The  last  (/)  may  be  dolomitlc  magnesite ;  and  the  others,  from 
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(ft),  dolomitic  oaldte,  or  oalcite  +  dolomite.  The  manner  in  which  dolomite  is  ofted  mixed 
with  caicite,  forming  its  veins  and  its  fossil  shells  (see  below),  shows  that  this  is  not  imjirob- 
able. 

P3nr.}  etc. — ^B.B.  acts  like  oalcite,  but  does  not  give  a  clear  mass  when  fused  with  soda  on 
platinum  foiL  Fragnnents  thrown  into  cold  acid  are  very  riowly  acte<l  noon,  while  in  powdei 
in  warm  acid  t'le  mineral  is  readily  dissolved  with  effervescence.  The  ferriferous  dolomites 
become  brown  on  exposure. 

DidE, — Resembles  calcite,  but  generally  to  be  distinguished  in  that  it  does  not  efferresce 
readily  in  the  mass  in  cold  acid. 

Obs. — Massive  dolomite  constitutes  extensive  strata,  called  limestone  strata,  in  various 
regions.  Crystalline  and  compact  varieties  are  often  associated  with  serpentine  and  other 
magnesian  rocks,  and  with  ordinary  limestones.  Some  of  the  prominent  localities  are  at  Salz- 
burg; the  Tyrol;  Schemnitz  in  Hungary;  Kapnik  in  Transylvania;  Freibeig  in  Saxony; 
the  lead  mines  at  Alston  in  Derbyshire,  etc. 

In  the  U.  States,  in  Vermont^  at  Boxbury.  In  Wiode  Ii^indy  at  Smithfield.  In  N.  Jemty^ 
at  Iloboken.  In  N,  York^  at  Lockport,  Niagara  Falls,  and  Rochester  ;  also  at  Glenn^s  Falls, 
in  Richmond  Co.,  and  at  the  Parinh  ore  bed,  St.  Lawrence  Co.;  at  Brewster,  Putnam  Co. 

Named  after  Dolomieu,  who  announced  some  of  the  marked  characteristics  of  the  rock  in 
1791 — its  not  effervescing  with  acids,  while  burning  like  limestone,  and  its  solubility  after 
heating  in  acids. 


ANKEKiTU. 

Rhonibohedral.  li  A  li  =  106°  7\  Zepliarovich.  Also  crystalline  mas- 
sive, coarse  or  fine  granular,  and  compact. 

11. =3*5-4.  G.=2*y5-3-l.  Lustre  vitreous  to  pearly.  Color  white,  gray, 
reddish.     Translucent  to  subtranslucent. 

Oomp. — CaCOi  -h FeCO» -ha^vCaMgCaOfl).  Here,  according  to  Boricky,  x  may  have  the  values 
it  1»  *»  h  *«»  2,  3,  4,  6,  10.  The  varieties  having  the  five  higher  values  of  x  he  calls  parcui- 
kerite^  while  the  others  are  normal  ankerite.  If  a!=l,  the  formula  is  equivalent  to  2CaC0«+ 
MgCOa+FeCOi,  and  requires:  Calcium  carbonate  50,  magnesium  carbonate  21,  iron  carbon- 
ate 29=100.     Manganese  is  also  sometimes  present. 

P3rr.,  etc. — B.B.  like  dolomite,  but  darkens  in  color,  and  on  charcoal  becomes  black  and 
magnetic ;  with  the  duxes  reacts  for  iron  and  manganese.  Soluble  ^%ith  effen^escence  in  the 
acids. 

Obs. — Occurs  with  siderite  at  the  Styrian  mines ;  in  Bohemia ;  Siegen  ;  Schneebeig ;  Nova 
Scotia,  etc. 


MAQNUSITE. 

Rhonibohedral.  JiAli=  107°  29',  OhR  =  136°  56' ;  c  =  0-8095. 
Cleavage:  rhombohedi-al,  perfect.  Also  massive;  granular,  to  very  com- 
pact. 

Il.=3-5-4-5.  G.=3-3-08,  cryst.;  28,  earthy;  3-3*2,  wlien  ferriferous. 
Lustre  vitreous ;  fibrous  varieties  sometimes  silky.  Color  white,  yellowish 
or  grayish-white,  brown.     Transpaient — opaque.     Fracture  flat  conchoidal. 

Var. — Ferrifera^u^  Breunerite;  containing  several  p.  c.  of  iron  protoxide;  G.  =3-8*2; 
white,  yellowish,  brownish,  rarely  black  and  bituminous;  often  becoming  brown  on  exposure, 
and  hence  called  Brown  Spar, 

Oomp — Magnesium  carbonate,  MgGOi=Carbon  dioxide  52*4,  magnesia  47*6=100;  but  iron 
often  replacing  some  magnesium. 

Pyr.,  etc. — B.  K.  resembles  calcite  and  dolomite,  and  like  the  latter  is  but  slightly  acted 
upon  by  cold  acids ;  in  powder  is  readily  dissolved  with  effervescence  in  warm  hydroohlorio 
acid. 

Obs. — Found  in  talcose  schist,  serpentine,  and  other  magnesian  rocks ;  as  veins  in  perpeQ- 
tine,  or  mixed  with  it  so  as  to  form  a  variety  of  verd-antique  marble  {magnentie  opkScUiB  dC 
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HnnC) ;  also  in  CaiutdA,  as  a  rock,  more  oc  leia  pure,  aaBociated  with  steatite,  serpentine,  and 
dolomite. 

Occurs  at  Hmbschatt  in  Moravia ;  in  Stjria,  and  in  the  Tyrol ;  at  Frankemrtein  in  Siletia; 
Snamm,  Norway  ;  BaodisBero  and  CsBteltamoDte  in  Piedmont.  In  America,  at  Bolton,  Haas. ; 
Dt  Baiehills,  near  Baltimore,  Md.  ;  in  Fenn.,  at  Wnt  Goahen,  GhesteT  Co.  ;  near  Texas,  Lan- 
cai'tcr  Co.  ;  Calif  oiuio. 

Uesititr  and  Pistoubsite  come  under  the  general  formnla  (Hg,Fe)COi;  witli  the  f onner 
Mg  :  Fe=2  :  1  ;  with  the  latter=l  :  1. 

SIDERim.    Spathic  lion.     Chal7bite.  Eiaenspatli,  Otmi. 

Khombohednil.    i2Ai?=  107%  i9  a iiJ  =  136°  37';  c  =  0-81715.    The 
faces  often  curved,  as  below.     Cleaiage :  rhoiii- 
b<)lie{lral, perfect.   Twins:  twiiiniiig-plaue  — i.  "^ 

Also  in  botrj-oidal  and  globniar  foriiis,  sub- 
fibroiis  within,  occasionally  silky  tibi-oiie.  Oftea 
cleavftble  massive,  with  eleavage  planes  undu- 
lating.    Coarse  or  fine  granular. 

3I.=3-5-i-5.  G.=3-7-^-9.  Lnstce  vitreous, 
moi-e  or  less  pearly.  Streak  white.  Color  ash- 
grav,  yellowish-gray,  greenish-gray,  also  brown 
an<f  bniwnish-n^d,  rarely  green ;  and  sometimes 
white.  Traiisliicent—- sitbtransluceut.  Fracture 
uneven.     Brittle. 

Oomp.,  Tar.— Iron  carbonate,FeCOi=CaTbon  dioxide  87-9,  iron  protoxide  62-1.  Bat  part 
of  the  iron  nsually  replaced  by  manganese,  Mid  often  by  magnesinm  or  oalciom.  Some 
vaneties  oontaia  8-10  p.  c.  MnO. 

The  principal  Tarietica  are  the  following : 

(1)  Ordinary,  {a)  CrynCaUaed.  [b)  ConereUonary^^HpheroiiiiUTite  ;  in  g-lobular  ooncretiona. 
either  solid  or  ooncenl  He  scaly,  with  nsnally  a  fibrous  stnictDre.  (c)  QraimULr  to  compact  ma»- 
nzr.  (d)  Ovlitie,  like  oolitic  limestone  in  Htractnre.  (e)  Earth}/,  or  stony,  impure  from 
mixture  with  clay  or  aand.  constituting  a  large  part  of  the  clay  iron-Btone  of  the  coal  forma- 
tion and  other  stratiSed  deposits ;  U.  =3  to  7,  the  loat  from  the  silica  present ;  Q.  =3-0-8-8, 
or  mostly  3-15-305. 

Pyr.,  etc. — In  the  closed  tube  decrepitates,  evolves  carbon  oxide  and  carbon  dioxide, 
blai^ens  and  becomes  magnetic  B.B.  blackens  and  fuses  at  4  5.  With  the  fluxes  leuotstoT 
iron,  and  with  soda  and  nitre  on  platinum  foil  generally  gives  a  manganese  laaction.  Only 
slowly  acted  upon  by  cold  ooid.  but  dissolves  with  brisk  effervescence  In  hot  hydroohlorio  noili 

Diff. — Specilic  gravity  higher  than  that  of  calcite  and  dolomite.  B.B.  beoomea  magnetic 
readily, 

Obs. — Siderite  occurs  in  many  of  the  rook  strata,  in  gneiss,  mica  slate,  clay  slate,  and  M 
clay  iron-stone  in  connection  with  the  Goal  formation  and  many  other  stratified  deposits.  It 
is  oft«n  associated  with  metallic  ores.  At  Freiberg  it  occurs  in  silver  mines.  In  Comwall  it 
accompanies  tin.  It  is  also  found  accompanying  copper  and  iron  pyrites,  galenit«,  vltreoo* 
copper,  eta  In  Kew  York,  aocording  to  Beck,  it  is  almost  always  associated  with  specular 
iron.  Intihe  region  in  and  about  Styria  and  Carinthiathis  ore  forms  eitcnaive  tracte  in  gneiss. 
At  Harzgerode  in  the  Harx,  it  oocuis  in  fine  cry^als ;  also  in  Cornwall,  Alston-  Moor,  and 
DevonHhire  ;  near  Oliuwow  ;  also  at  MouiUar,  Magescote,  eta.,  in  France,  eto. 

In  the  U.  States,  in  Vermont^  at  Plymouth.     In  Maa»..  at  Sterling.     In  6'onii,,  t 
In  If.  York,  at  the  Sterling  ore  bed  in  Antwerp,  Jefferson  Co.  \  at  the  Bossie  iror 
Lawrence  Co.     In  N.  C'arvttna,  at  Fentress  and  Harlem  mines.     The  argillaceous  ci 
innodulesaiidbeds(clBy  iron-atoue),  is  nbundant  in  the  coal  i^ous  of  Penn. ,  Ohio,  and  re 
parts  of  the  oonntr;. 


it  Box  bury. 


Sikloglte.    Manganspoth,  Germ. 
RhombohedraL     J! /\Ii  =  106°  51',  Oa^=136°  31*';  c  =  0-3211. 
Cleavage :  S,  perfect.      Abo  globular  and  botryoidal,  haWng  a  columnar 
structure,  Bometiines  indistmoL    Aito  granular  luawive;  occasioually  im- 
palpable; i"-—'*^-^      ..—.,' 
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n.=3'5-4*5.  G.=3*4-3-7.  Lustre  vitrcons,  inclining  to  pearly.  Color 
shades  of  rose-red,  yellowish-i^ray,  fawn-colored,  dark  red,  brown.  Streak 
white.     Translucent — subtranslncent.     Fracture  uneven.     Brittle. 

Oomp. — MnGOi= Carbon  dioxide  38*3,  manganese  protoxide  61*7;  but  part  of  the  man- 
ganese nsaaily  replaced  by  caluiam,  and  often  also  by  magnesium  or  iron  ;  and  sometimeB  by 
cobalt. 

P3rr.,  etc. — B.B.  changes  to  gray,  brown,  and  black,  and  decrepitates  strongly,  but  is  in- 
fusible. With  salt  of  phosphorus  and  borax  in  O.F.  gives  an  amethystine-colored  bead  in 
R.F.  becomes  colorless.  With  soda  on  platinum  foil  a  bluish-green  roauganate.  Dissolves 
with  elfervescence  in  warm  hydrocbloric  acid.  On  exposure  to  the  air  changes  to  brown,  and 
Fome  bright  rose-red  varieties  become  paler. 

Obi. — Occurs  commonly  in  veins  alonj;  with  ores  of  silver,  lead,  and  copper,  and  with  other 
ores  of  manganese.  Found  at  S(;heinuitz  and  Kapnik  in  Hungary  ;  Nagyag  in  Transylvania ; 
near  Elbingerode  in  the  Harz ;  at  Freiberg  in  Saxony. 

Occurs  in  New  Jersey,  at  Mine  Hill,  Franklin  Furnace.  Abundant  at  the  silver  mines  of 
Austin,  Nevada  ;  at  Placentia  Bay,  Newfoundland. 

Named  rJiodochrosite  from  ft^o^^  a  rose^  and  xpJ^<ris^  color  ;  and  diahgite^  from  StoXoy^,  donbt. 


SMITUSONITJJ.    Calamine  pt     Galmei  pt     Ziukspath,  Germ, 

Rhombohedral.  RnR  =  107°  40',  O ^  R  =  137°  3' ;  ^  =  0-8062.  R 
generally  curved  and  rough.  Cleavage :  R  ]>erfect.  Also  reniform,  fjotry- 
oidal,  or  stalactitic,  and  in  cryt^tallinc  incrustations;  also  granular,  and 
sometimes  impalpai)le,  occasionally  earthy  and  friable. 

n.=5,  G.=4-4'45.  Lustre  vitre<»us,  iiKilining  to  pearly.  Streak  white. 
Color  white,  often  grayish,  greenish,  brownish-white,  sometimes  green 
and  brown.  Subtransi)arent — translucent.  Fracture  uneven — imperfectly 
conchoidal.     Brittle. 

Comp.,  Var. — ZnCO»= Carbon  dioxide  35  2,  zinc  oxide  64 '8 =100;  but  part  of  the  zinc 
often  replaced  by  iron  or  manganese,  and  by  traces  of  calcium  and  magnesium  ;  sometimes 
by  cadmium. 

Varieties. — (1)  Ordinary,  {a)  Ct^st^U-ized ;  {h)  botryoidal  and  stalactitic,  common;  {c) 
granular  to  compact  nuusice;  (ct)  enrthy,  impure,  in  nodular  and  cavernous  masses,  varying 
from  grayish-white  to  dark  gray,  brown,  brownish-red,  brownish-black,  and  often  with  d»usy 
surfaces  in  the  cavities  ;  ** dry-bone"  of  American  miners. 

Pyr..  etc. — In  the  closed  tube  loses  carbon  dioxide,  and,  if  pure,  is  yellow  while  hot  and 
colorless  on  cooling.  B.B.  infusible;  moistened  with  cobalt  solution  and  heated  in  O.F.  gives 
a  green  color  on  cooling.  With  sotla  on  charcoal  gives  zinc  vapors,  and  coats  the  coal  yeUow 
whi'e  hot,  becoming  white  on  cooling ;  this  coating,  moistened  with  cobalt  solution,  gives  a 
gpreen  color  after  heating  in  O.  F.  Cadmiferous  varieties,  when  treated  with  soda,  give  at 
hrst  a  deep  yellow  or  brown  coating  before  the  zinc  coating  appears.  W'ith  the  fluxes  some 
varieties  react  for  iron,  copper,  and  manganese.  Soluble  in  hydrochloric  acid  with  efferves- 
cence. 

Diff. — Distinguished  from  calamine  by  its  effervescence  in  acids. 

Obs. — Smithsonite  is  found  both  in  veins  and  beds,  especially  in  company  with  galeuite 
and  blende  ;  also  with  copper  and  iron  ores.  It  usually  occurs  in  calcareous  rocks,  and  is 
generally  associated  with  calamine,  and  sometimes  with  limonite.  It  is  often  produced  by 
the  action  of  zinc  sulphate  upon  calcium  or  magnesium  carl)onate. 

Found  at  Nertschinsk  in  Sibeiia  ;  at  Dojjfnatzka  in  Hungary ;  Bleiberg  and  Raibel  in  Carin- 
thia;  More!?net  in  Belgium.  In  England,  at  Roughten  Gill,  Alston  Moor,  near  Matlock,  in 
the  Mendip  IliUs,  and  elsewhere  ;  in  Scotland,  at  Leadhills;  in  Ireland,  at  Donegal. 

In  the  U.  States,  in  N.  Jtrsey,  at  Mine  Hill,  near  the  Franklin  Furnace.  In  iV/m.,  at 
Lancaster  abundant ;  at  the  Perkiomen  lead  mine ;  at  the  Ueberroth  mine,  near  Bethlehem, 
In  Wi-sMHsin^  at  Mineral  Point,  Shullsburg,  etc.  In  Minnesota ^  at  Ewing's  diggings,  N.  W. 
of  Dubuque,  etc.  In  Missouri  and  Arkathsas^  along  with  the  lead  ores  in  Lower  Silurian 
limestone. 


OZTOEN   COMPOUNDS. — CARBONATEB. 


Aragonite    Group, 
ARAOONITB. 

Orthorhombie.     1M=  116°  10',  OM-l=  130"  50' ;  lil-.d^  1-1571 

:  1-6055  : 1.  0  A  1  =  126°  15',  0  A  1-2  =  137"  15',  14  A  \-i,  top,  =  108" 
26'.  CrvstalB  usually  having  O  striated  parallel  to  the  shorter  diagonal ; 
often  taper!  I'g  from  the  presence  of  aente  domes  and  pyramids,  which  have 
niujsiial  indices.  Cleavage:  /  imperfect; .  i-i  distinct;  1-J  imperfect. 
Twins:  twinning-plane  /,  producing  of  ten  hexagonal  forms,  f.  738,  compare 
figures  on  pp.  96,  97.  Twinning  often  many  times  repeated  in  the  same 
crvstal.  proiiiiiingsnccessive  reveraed  layers,  the  alternate  of  whicJi  may  he 
exceedingly  thin ;  often  bo  delicate  ae  to  pi-odnce  by  the  succession  a  fine 
striation  of  the  faces  of  a  prism  or  of  a  cleavage  plane.  Also  globular, 
reniform,  and  coralloidal  shapes;  sometimes  cohimnar,  composed  of 
Bti-aight  and  divergent  libi-es;  also  stalactitic;  incrusting. 


/fW7\ 


/=s? 


II.=3'5-i.  G-.=  2931,  Haidinger.  Lustre  vitreona,  Bometimes  inclin- 
ing to  resinous  on  surfaces  of  fracture.  Color  white;  also  gray,  yellow, 
green,  and  violet ;  sti-eak  uncolorcd.  Transjiarent — traiislucenC  Fracture 
hubcoiichoidal.  ■  J3rittle. 

Tar. — 1.  Ordinary,  (a)  CryHtallized  in  aimple  or  componnd  crjatals,  the  latter  mnoh  tfas 
moat  common  ;  often  in  mdiating  groups  of  acicnlar  ciyHtala.  (A)  Columnar;  a  fine  flbrons 
variety  with  silkj  lustre  is  called  tkitiii  ipiir.  {e]  Mawive.  StaUittitic  or  tUUagmitin  (either 
couipiot  or  Bbrooa  in  atmotare),  as  with  cttloite ;  Sprudetnlein  is  atolsctitio  from  Carlsbad. 
Cortilliiiilat ;  in  gronpings  of  delicate  interlacing  and  coalescing  ateniB,  of  a  snow-wbite  color, 
and  looking  a  little  liJce  coral. 

Ooiiip.-CaCO„  like  calcite,= Carbon  dlo*ide  44,  lime  50=100. 

Pyrt  Btc. — B.B.  whitans  and  falls  to  pieoea,  sjid  aometitneB,  when  containing  Rtrontia,  im- 
parts a  more  intensely  red  color  to  the  Hame  than  time;  otherwise  reacts  like  calcite, 

Dlfi.^-See  caloite,  p.  STB. 

Oba. — The  moat  common  repositoriea  of  aragonite  are  beds  of  gypsum,  beds  of  iron  ore 
(where  it  occnra  in  coralloidal  forma,  and  is  denominated  fioi-ferri,  "  finicer  of  iron,"  Eiaen- 
blilttie,  Germ.),  basalt,  and  trap  rock;  occasionallf  it  oociuBin  lavas.  It  is  often  associated 
nith  copper  and  pyrite,  galenite,  and  malachite. 

First  discovered  in  Aragon,  Spain  (whence  it«  name),  at  Uolina  and  Valencia.  Sinoa 
I'ound  at  Bilin  in  Bohemikj  at  Herrengtund  in  Hungary,  f.  788;  at  Bawngarten  in  Silesl» ; 
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at  Leogang  in  Salzbarg ;  in  Waltsch,  Bohemia,  and  many  other  places.  The  fla»ferri  yarietj 
is  found  in  great  perfection  in  the  Styrian  mines.  In  Buckinghamshire,  Devonahire,  in 
caverns ;  at  Leadhills  in  Lanarkshire. 

Occurs  in  seri)entine  at  Hoboken,  N.  J.;  at  EdenviUe,  N.  T.;  at  the  Parish  ore  bed,  Romie, 
N.  Y.;  at  Haddam,  Conn.;  at  New  Garden,  in  Chester  Co.,  Penn.;  at  Wood^s  Mine,  Lancas- 
ter  Co.,  Penn.;  at  Warsaw,  III.,  lining  geodes. 

Manganocalcite.— Composition  2MnC09-i-(Ca,Mg)C03,  with  a  little  iron  replacing  part 
of  the  manganese.     G.  =3*037.     Color  tiesh-red  to  reddish* white.     Schemnitz,  Hungary. 
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WITHUKITIJ. 

Orthorhombic.    /A  /=  118°  30',  O  A  14  =  128°  45' ;  c:b\d  =  1-246  : 

1*6808  :  1.  Twins :  all  the  annexed  figures,  com- 
position parallel  to  /;  reentering  angles  sonie- 
tinies  observed.  Cleavage :  /  distinct ;  also  in 
globular,  tuberose,  and  botryoidal  forms;  struc- 
ture either  columnar  or  granular ;  also  amor- 
phous. 

H.=3-3-75.  G.=4-29-4-35.  Lustre  vitreous, 
inclining  to  resinous,  on  surfaces  of  fi-acturo. 
Color  wYiite,  often  yellowish,  or  grayish.  Streak 
white.  Sub  transparent — translucent.  Fracture 
uneven.     Brittle. 

Oomp.--BaCO,= Carbon  dioxide  223,  baryta  77-7=100. 
Pyr.,  etc. — B.B.  fuses  at  2  to  a  bead,  coloring  the  llame  yel- 
lowish-green; after  fusion  reacts  alkaline.     B.B.  on  charcoal 
with  soda  fuses  easily^  and  is  absorbed  by  the  coal.    Soluble 
in  dilute  hydrochloric  acid;  this  solution,  even  when  very  much  diluted^  gives  with  sulphuric 
acid  a  white  precipitate  which  is  insoluble  in  acids. 

Diff. — Distinguishing  characters :  high  specific  gravity  ;  effervescence  ^^-ith  acids ;  green 
coloration  of  the  Hame  B.  B. 

Obs. — Occurs  at  Alston-Moor  in  Cumberland ;  at  Fallowfield,  near  Hexham  in  Northumber- 
land ;  Tarnowitz  in  Silesia  ;  Leogang  iu  Salzburg  ;  Pcggau  in  Styria ;  some  places  in  Sicily  ; 
the  mine  of  Arqueros,  near  Coquirabo,  Chili ;  near  Lexmgton,  Ky.,  with  barite. 

Witheritc  is  extensively  mined  at  Fallowtield,  and  is  used  in  chemical  works  in  the  manu- 
facture of  plate-glass,  and  in  France  in  making  beet  sugar. 
BuoMLrrE. — Formula  as  for  barytocalcite,  but  orthorhombic  in  form. 
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STRONTIANITE. 

Orthorhombic.     /A  /=  117°  19',  OM-l  =  130°  5' ;  c:l\&  =  1-1S83  : 

1-6421  :  1.     0M  =  125°  43',  OM-l=  144°  6', 
1  A  1,  mac,  =  130°   1',  1  A  1,  brach.,  =  92°  11'. 
Cleavage  :  /  nearly  perfect,  i-l  in  traces.    Crys- 
tals  often   acicular  and   in   divergent  groups. 
Twins:  like  those  of  aragonite.     O  usually  stri- 
ated parallel  to  the  shorter  diagonal.     Also  in 
columnar  globular  forms ;  fibrous  and  granular. 
II.=:3-5-4.     G.=3-605-3-713.     Lustre   vitre- 
ous ;  inclining  to  I'esinous  on  uneven  faces  of 
fracture.     Color  pale  asparagus-green,  apple-green  ;  also  white,  gray,  yel- 
low,   and    yellowish-brown.      Streak    wliite.      Transparent — ti*anslucent. 
Fracture  uneven.     Brittle. 
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Comp.—SrCOi= Carbon  dioxide  23  7,  stjontia  TO-3 ;  bnt  a  small  part  of  the  Htrontiom 
often  replaced  by  oalciam. 

Pyr.,  etc.— B.B.  iwetla  up.  throwg  ont  miuute  nproata,  fanes  only  od  the  thin  edges,  and 
colors  the  Borne  strontia-red ;  the  as«ny  reacts  alkaline  afcer  ignition.  MoiBtened  with  hydro- 
chloric acid  and  treated  either  U.B.  or  iii  the  naked  Imnp  Rives  an  intenBe  red  color.  With 
soda  on  charcoal  the  pure  mineral  fuses  to  a  clear  ghtss,  and  is  entirely  absorbed  by  the  coal ; 
if  lima  or  iron  be  present  they  are  Bcpacat«d  and  remain  on  the  surface  of  the  coal.  Soluble 
in  hydrochloric  odd ;  the  dQute  solution  when  treated  with  sulphnric  acid  gives  a  white  pre- 
cipiCate . 

DiH.— Differs  from  related  mineralB,- not  carbonates,  in  effervescing  with  acids;  lower 
specific  gravity  than  witherite,  and  c<tlorn  the  llniiie  red. 

Obi.— Occura  at  Strontian  in  Argyleahire  ;  in  Yorkshire,  England  ;  Giant's  Causeway,  Ire- 
land ;  Cl:iu-thal  in  the  Hara  ;  Br.iunadorf ,  Sajiony  ;  Leogang  in  Sahburg.  In  the  U.  States 
it  occnrn  at  Schoharie,  N.  Y.,  in  granular  Bud  columnar  masBea,  and  also  in  crystals.  At 
Hn»oalonge  Lake;  atChaamont  Bay  and  Theresa,  in  Jefferson  Co.,  H.Y.  ■  MilfiinCo.,  Peon. 


OSRUSSim.    Weissbteiere,  Bleispath,  Oerm. 

Orthorhombic.  /A  /=  117°  13',  0  A  l-l  =  130°  Of ;  c  :  J  :  d  =  1-1853 
:  1-0388  :  1.  O  A  1  =  125° 
46',  Cam  =  144°  8',  lAl, 
mac,  =  130°,  1  A  1,  brat:h.,  = 
H3°  19'.  Cleavage:  7  often 
imperfect ;  2-f  hardly  less  ao. 
Orvstals  usually  thin,  bniad, 
and  brittle ;  sometimes  stout. 
Twins  :  very  common  ;  twin- 
iiingplane  /,  pntdiicinjf  iiaii- 
ally  cruciform  or  stellate 
forms;  also  less  eommonlv, 
twiintiu<!:-plaiio  V-3.  Kareiy 
{ibi-ous,  often  granular  mas- 
sive and  coiiijitict,     Sometimes  stalactitiu. 

II. =3-3-5,  (t,=6-465-C-480;  some  earthy  varieties  as  low  as  5-4. 
Lustre  adainantine,  inclining  to  vitreons  or  resinous;  sometimes  pearly; 
Bometinies  subinetallic,  if  the  colors  are  dark,  or  from  a  superficial  change. 
Oilor  white,  gray,  grayish -black,  sometimes  tinged  bine  or  green  by  some 
of  the  salts  of  copper;  streak  imcolored.  Transparent^subtranslucent. 
Fracture  eonclioidal.     Very  brittle. 

Oomp^PbCO.-Carbon  dioxide  16-5,  lead  oiide  83-5=100, 

Pyr,,  etc.—  In  the  closed  tabe  decrepitates,  loses  carbon  dioxide,  tnma  first  yellow,  and  at 

a  higher  temperature  dork  red,  but  becomes  j'ellow  again  on  cooling.     B.B.  on  charcfial  (uses 

Tery  easily,  aud  in  R.F.  yields  metallic  lead.     Soluble  in  dilute  nitric  acid  with  efferresoence. 

DiS. — Unlike  angleiite,  it  effervesces  with   nitric  acid.     Characterized  by  high  spedfia 

gravity,  iind  yielding  lead  B.B. 

Obd.^Oocurs  in  cnnnection  with  other  lead  minerals,  and  is  formed  from  galenite.  which, 
as  it  pawies  to  a  sulphate,  may  be  changed  to  carbonate  by  means  of  solutions  of  calcium 
bicarbonate.  It  ia  found  at  Johanngeorgenstadt ;  at  Tfertecbinsk  and  Beresof  in  Siberia ;  at 
ClauHthal  in  the  Uarz  ;  at  Bleiberj,'  in  Carinthia ;  at  Mies  and  Przlbram  in  Bohemia  ;  at  Rets- 
iMuiya.  Hungary;  in  Knglond,  in  Cornwall;  near  Hatlook  and  Wirluworth,  Derbyshire;  at 
Leodhilln.  Scotland ;  in  Wicklow,  Ireland- 
Found  in  i'tnii. ,  at  Pheniiville  ;  at  Perkiomen.  In  If.  Titrk,  at  the  Roesie  lead  mine.  In 
Virijinia,  at  Austin's  mines,  Wythe  Co.  In  Jf.  Caruliiui,  at  King's  mine,  Davidson  Co. ,  good. 
In  Wisconsin  and  other  lead  mines  of  the  northwestern  State*,  Tuel^  in  orTslals ;  near  tho 
Blue  Honnda,  Wiso,,  in  alelaotiteo. 
25 
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BARTTOOALOTTE. 

Monoclinic.  (7=  73°  52',  I A 1=  106°  54',  OM-l  =  149° ;  i:l:d  = 
0*81035  :  1*29583  : 1.     Cleavage :  /,  perfect ;   O,  less  perfect ;  also  massive. 

H.=4.  G. =3*6363-3*66.  Lnstre  vitreons,  incliiiiiig  to  resinous.  Color 
white,  grayish,  greenish,  or  yellowish.  Streak  white.  Transparent — 
translucent.     Fracture  uneven. 

Oomp. — (Ba,Ga)GOa,  where  Ba  :  Ga=l  :  l=Bariam  carbonate  66 '8,  caloiam  carbonate 
33-7=100. 

Pyr.,  etc. — B.B.  colors  the  flame  yellowish -green,  and  at  a  higher  temperatare  fuses  on 
the  thin  edges  and  assomes  a  pale  green  color ;  the  assay  reacts  alkaline  after  ignition.  With 
the  fluxes  reacts  for  manganesa  With  soda  on  charcoal  the  lime  is  separated  as  an  infusible 
mass,  while  the  remainder  is  absorbed  by  the  coal.     Soluble  in  dilute  hydrochloric  acid. 

Obs. — Occurs  at  Alston-Moor  in  Cumberland,  in  the  Subcarboniferous  or  mountain  lime- 
stone. 

Pakibite. — A  carbonate  containing  cerium  (also  La^Di),  and  calcium  with  6  p.  c.  fluorine. 
Exact  composition  uncertain.  In  hexagonal  crystals.  Color  brownish-yellow.  Muso  valley, 
New  Granada.  Kibchtimite,  from  the  gold  washing  of  the  Barsovska  river,  Urals,  is  similar 
in  composition,  but  contains  no  calcium. 

BA8TNA8ITE  (Hamartite). — Composition  2RC09-|-RFi,  with  R=Ce  :  La=2  :  3.  Analytda, 
Nordenskiohl,  CO,  1950,  LaO  45-77,  CeO  28-49,  HjO  1  01,  F,0,  (.5-23)=100.  Found  in  smaU 
masses  imbedded  between  allanite  crystals.     Riddarhyttan,  Sweden. 

PHOSQENITE.    Bleihomerz,  Germ, 

Tetragonal.  O A  1-^=132°  37';  c  =  1*0871.  Cleavage:  /  and  i-i 
bright ;  also  basal. 

iI.=2*75-3.  (t.=6-6*31.  Lustre  adamantine.  Color  white,  ffray,  and 
yellow.     Streak  white.     Transparent — translucent.     Kather  sectile. 

Oomp. — PbG0,H-PbGl9=Lead  carbonate  49,  lead  chloride  51=100,  or  lead  oxide  81*9,  car- 
bon dioxide  8-1,  chlorine  13-0=102'9. 

Pyr.,  etc. — B.  B.  melts  readily  to  a  yellow  globule,  which  on  cooling  becomes  white  and 
crystalline.  On  charcoal  in  R.F.  gives  metallic  lead,  with  a  white  coating  of  lead  chloride. 
With  a  salt  of  phosphorus  bead  previously  saturated  with  copper  oxide  gives  the  chlorine 
reaction.     Dissolves  with  effervescence  in  nitric  acid. 

Obs. — At  Crawford  near  Matlock  in  Derbyshire  ;  very  rare  in  Cornwall ;  in  large  czyBtab 
at  Gibbas  and  Monteponi  in  Sardinia  ;  near  Bobrek  in  Upper  Silesia. 


Hydrous  Carbonates. 

TRONA. 

Monoclinic.  O  A  i-i  =  103°  15'.  Cleavage :  i-i  perfect  Often  fibrous 
or  columnar  massive. 

IT. =2*5-3.  G.=2*ll.  Lustre  vitreous,  glistening.  Color  gray  or  yel- 
lowish-white. Translucent.  Taste  alkaline.  Not  altered  by  exposure  to 
a  dry  atmosphere. 

Oomp.— Na4G,08H-3aq=Garbon  dioxide  402,  soda  37*8,  water  220. 

Pyr.,  etc. — In  the  closed  tube  yields  water  and  carbon  dioxide.  B.K  imparts  an  intensely 
yellow  color  to  the  flame.  Soluble  in  water,  and  effervesces  with  adds.  Reacts  alkaline 
with  moistened  test  paper. 

Obs. — The  specimen  analyzed  by  Elaproth  came  from  the  province  of  Snckenna,  two  days' 
journey  from  Fezien,  Africa.     To  this  species  belongs  the  urao  found  at  the  bottom  of  a  lake 
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in  Maracaibo,  S.  A.,  a  day's  journey  from  Merida.    Effloreeoences  of  trona  occur  near  the 
Sweetwater  river,  Bocky  Moantains,  mixed  with  sodium  sulphate  and  common  salt. 

Natron  or  Soda  (sodium  carbonate,  NaaCOa+lOaq).  Tetermonatrite,  Na«GOa+aq. 
Tbscubmachbrite,  Ammonium  carbonate. 

aAT-LUssmi. 

MonocHnic.  C  =  78°  27',  /A  7=  68°  50'  and  111°  10',  O  A 14  =  125° 
15' ;  (?:*:«  =  096945  :  0-67137  :  1. 
14  A 14,  adj.,  =  109°  30',  i  A  i  =  110° 
30'.  Crj'stals  often  lengthened,  and 
prismatic  in  the  direction  of  14 ;  also  in 
that  of  i ;  also  (f  r.  Nevada)  not  elongate, 
but  thin  in  the  direction  of  the  orthodia- 
gonal,  O  being  vei^  narrow  or  wanting ; 
surfaces  usually  uneven,  being  formed 
of  minuto  subordinate  planes.  Cleav- 
age :  /  perfect ;  O  less  so,  but  giving  a 
reflectea  image  in  a  strong  light. 

H.=2-3.  G.=l-92-l-99.  Lustre  vitreous.  Color  white,  yellowish- 
white.  Streak  uncolored  to  grayish.  Translucent.  Fracture  conchoidal. 
Extremely  brittle.    Not  phosphorescent  by  friction  or  heat. 

Oomp. — ^NasG0s  +  GaG0s  +  5aq=:  Sodium  carbonate  85*9,  calcium  carbonate  33*8,  water 
30-3=100. 

Pyr.,  etc. — ^Heated  in  a  matrass  the  crystals  decrepitate  and  become  opaque.  B.B.  fuses 
easily  to  a  white  enamel,  and  colors  the  flame  intensely  yellow.  With  the  fluxes  it  behaves 
like  calcium  carbonate.  Dissolves  in  adds  with  a  brisk  effervescence ;  partly  soluble  in  water, 
and  reddens  turmeric. 

Obs. — Abundant  at  Lagunilla,  near  Merida,  in  Maracaibo,  where  its  crystals  are  dissemi- 
nated at  the  bottom  of  a  smaU  lake,  in  a  bed  of  clay,  covering  utcu>  ;  the  natives  call  it  6Uivo% 
or  Tiatito,  in  allusion  to  its  crystalline  form.  Also  on  a  small  island  in  Little  Salt  Lake,  near 
Ragtown,  Nevada,  about  li  m.  S.  of  the  main  emigrant  road  to  Humboldt.  The  lake  is  in  a 
crater-shaped  basin,  and  its  waters  are  dense  and  strongly  saline. 

The  distorted  crystals  from  Sang^erhausen  have  been  long  considered  pseudomorphs  after 
gay-lnssite,  though  DesGloizeaux  regards  them  as  pseudomorphs  after  celestite.  It  is  cer- 
tain, however,  as  found  by  the  author,  that  pseudomorphs  of  cxdciam  carbonate  after  gay- 
lnssite  do  occur  on  a  largo  scale  in  Nevada. 


Maracaibo. 


Nevada. 


HTDROMAQNESITII. 

Monoclinic.      C  =  82^-83°,  /  A  7=  87°  52'-88°,  O  A  2-i  =  137^  \   h\l 
:  d  =  (nearly)  0455  :  1-0973  :  1.     Crystals  small,  usually 
acicular  or  bladed,  and  tufted.     Also   amorphous ;   as 
chalky  or  mealy  ciTists. 

H.  of  crystals  3;5.  G.= 2-1  ^5-248,  Smith  &  Brush. 
Lustre  vitreous  to  silky  or  subpearly ;  also  earthy.  Color 
and  streak  white.     Brittle. 

Oomp 3MgOOa+HsMgOs+8aq=Garbon  dioxide  36*3,  magnesia 

48-9,  water  19-8=100. 

Pyr.,  etc. — In  the  closed  tube  gives  off  water  and  carbon  dioxide. 
B.B.  infusible,  but  whitens,  and  the  assay  reacts  alkaline  to  turmeric 
paper.  Soluble  in  acids ;  the  crystalline  compact  varieties  are  but 
slowly  acted  upon  by  cold  add,  but  dissolves  with  effervescence  in  hot 
acid. 
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Obs. — Occurs  at  Hrubschitz,  in  Moravia,  in  serpentine ;  in  Negroponte,  near  Kami ;  ai 
Kaiserstuhl,  in  Baden,  impure.  In  the  U.  States,  near  Texas,  Lancaster  Co.,  Peun.  ;  at 
Hoboken,  N.  J. 

Hydro  DOiiOMiTR. — Composition  3(Ca,Mg)C0s-iaq.  From  Mt.  Somma.  PE14MITB  from 
Texas,  Pa. ,  is  similar. 

Predazzite  and  Pencatite  are  mixtures  of  calcite  and  brucite.     Tyrol. 

DAW80NITE. — In  thin-bladed,  white,  transparent  crystals  on  trachyte.  H.=3.  O.=2'40. 
Analysis,  Harrington,  AlO,  32  84,  MgO  tr.,  CaO  5-95,  Na,0  2020,  K,0  0  38,  H,0  11  -91.  CO« 
20*88,  SiO»  0'40=:101'56.  Regarded  as  ^' a  hydrons  carbonate  of  aluminum,  calcium,  and 
sodium ;  or  perhaps  as  a  hydrate  of  aluminum  with  carbonates  of  calcium  and  aodium.** 
Montreal,  Canada. 

HoviTE. — Supposed  to  be  a  hydrous  carbonate  of  aluminum  and  calcium.  Soft,  white, 
and  friable;  earthy  in  fracture.     From  Hove,  near  Brighton,  with  colly  rite. 


liANTHANITB. 

Orthorhombic.  /A  /=  93°  30'-94°,  Blake,  92°  46',  v.  Lang  ;  7 A  1  - 
142°  36' ;  c  :  i  :  d^  =  099898  :  1-0496  :  1,  v.  Lang.  In  thin  four-sided 
plates  or  minute  tables,  with  bevelled  edges.  Cleavage  micaceous.  Also 
line  granular  or  earthy. 

H. =2-5  —  3.  G.= 2-666.  Lustre  pearly  or  dull.  Color  grayish- white, 
delicate  pink,  or  yellowish. 

Oomp.— LaC0i+8aq=Lanthana  52*6,  carbon  -dioxide  21*3,  water  26'1=100.  There  is 
some  oxide  of  didymium  with  the  lanthana,  according  to  Smith. 

Pyr.,  etc. — In  the  closed  tube  yields  water.  6.B.  iiifn»ible  ;  but  whitens  and  becomes 
opaque,  silvery,  and  brownish ;  with  borax,  a  glass,  slightly  bluish,  reddish,  or  amethystine, 
on  cooling ;  Awith  salt  of  pho8i)horuR  a  glass,  bluish  amethystine  while  hot,  red  cold,  the 
bead  becoming  opaque  when  but  Klightly  heated,  and  retaining  a  pink  color.  Effervesoee  in 
the  acids. 

Obs. — Found  coating  cerite  at  Bastniin,  Sweden ;  also  with  the  zinc  ores  of  the  Saaoon 
valley,  Lehigh  Co.,  Pa. ;  at  the  Sandford  iron-ore  bed,  Moriah,  Essex  Co..  N.  Y. 

Tenokritk. — Yttrium  carbonate.     As  a  coating  on  gadolinite  from  Ytterby. 

Zaratite.  Emerald  Nickel,  A*<iUma7i.  Nickelsmaragd,  (renn. — Composition  NitCOft-f- 
6aq,  or  NiCOa  +  2HjNiOa4-4aq.  This  requires:  Carbon  dioxide  US,  nickel  oxide  59*8, 
water  28 '9  =  100.  UsuaUy  as  an  emerald-green  coating;  thus  on  chromite  at  Texas,  Penn., 
where  it  was  first  noticed ;  Swinaness,  Shetland;  Cape  Hortegal,  Spain. 

Remingtonite. — A  hydrous  cobalt  carbonate.     Finksbuig,  Md. 


HYDROZINOrrE.    Zinkbliithe,  Oerm. 

Massive,  earthy  or  compact.  As  iucrustatious,  the  crusts  sometimes  con- 
centric and  agate-like.     At  times  reniforin,  pisolitic,  stalactitic. 

n.=2-2*5.  (t.=3-58-3-8.  Lustre  dull.  Color  ])ure  white,  gmyish  or 
yellowish.     Streak  shining.     Usually  earthy  or  chalk-like. 

Oomp.— In  part  ZnC08-h2H,Zn02= Carbon  dioxide  13*6,  zmc  oxide  753,  water  111=100. 

Pyr.,  etc. — In  the  closed  tube  yields  water  ;  in  other  respects  resembles  smithsonite. 

Obs. — Occurs  at  most  mines  of  zinc,  and  is  a  result  of  the  alteration  of  the  other  ores  of 
this  metal.  Found  in  great  quantities  at  the  Dolores  mine,  Udias  valley,  province  of  Santan- 
der,  in  Spain  ;  at  Bleibergand  Raibel  in  Carinthia ;  near  Reimsbeck,  in  Westphalia. 

In  the  U.  States,  at  Friedensville,  Pa.;  .at  Linden,  in  Wisconsin;  in  Marion  Co.,  Arkansaa 
(marumite) . 

AuiiicnALCFTB. — A  cupreous  hydrozincite.  Usually  in  drusy  incrustations.  Altai ; 
Matlock,  Derbyshire ;  Spain  ;  Lancaster,  Pa. 
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MALACHITE. 


750 


Monoclinic.  C  =  88°  32',  /A  /=  104°  28',  U  A  -1-i  =  118°  15',  Zepharo- 
vich ;    c  :  b  :  d  =  0*51155  :  1-2903  :  1.      Coimnon    form 
f .  751 ;  also  same  witli  other  terminal  planes ;  also  with 
i-i  wanting;  also  with  i-i,  i-l  very  large,  making  a  rect- 
angular prism ;  also  with  the  vertical  prism  very  short, 

in  f.  321.     Crystals  rarely  simple.     Iwins:  tAvinning- 


as 


i  u 


plane  i-i,  f.  750;  often  penetration  twins,  as  in  f.  321, 
322,  p.  99.  Cleavage  :  basal,  highly  perfect ;  (?lino- 
diagonal  less  distinct.  Usually  massive  or  incrusting, 
with  surface  tuberose,  botryoidal,  or  stalactitic,  and  struc- 
ture divergent ;  often  delicately  compact  fibrous,  and 
banded  in  color  ;♦  frequently  granular  or  earthy. 

J  I.  =  3*5-4.    G. =3*7-4*01.    Lustre  of  crystals  adaman- 
tine, inclining  to  vitreous;  of  fibrous  varieties  more  or 
less  silky ;  often  dull  and  earthy.    Color  bright  green.    Streak  paler  green. 
Tianslucent — subtranslucent — opaque.     Fracture  subconchoidal,  uneven. 


Oomp. — CuaC04H-HtO=CuC03  +  HaCu02= Carbon  dioxide  19-9,  copper  oxide  71*9,  water 
8-2=100. 

Pyr.,  etc. — In  the  closed  tube  blackens  and  3rield8  water.  -  B.B.  fuses  at  2,  coloring  the 
flame  emerald-green ;  on  charcoal  is  reduced  to  metallic  copper ;  with  the  fluxes  reacts  like 
tenorite.     Soluble  in  acids  with  effervesoenoe. 

Difif. — Differs  from  other  copper  ores  of  a  green  color  in  its  effervescence  with  acids. 

Obs. — Green  malachite  accompanies  other  ores  of  copper.  Perfect  crystals  a^  quite  rare. 
Occurs  abundantly  in  the  Urals ;  at  Ghessy  in  France ;  at  Schwatz  in  the  Tyrol ;  in  Cornwall 
and  in  Cumberland,  England ;  Sandlodge  copper  mine,  Scotland  ;  Limeridk,  Waterford,  and 
elsewhere,  Ireland ;  at  Grimberg,  near  Siegen  in  Germany.  At  the  copper  mines  of  Nischne- 
Tagilsk,  belonging  to  M.  Demidoff,  a  bed  of  malachite  was  opened  which  yielded  many  tons 
of  malachite.  Also  in  handsome  masses  at  Bembe,  on  the  west  coast  of  Africa ;  wiUi  the 
copper  ores  of  Cuba :  Chili ;  Australia. 

In  iVl  Jerney^  at  New  Brunswick.  In  Pennsylvania,  near  Morgantown,  Berks  County  ;  at 
Cornwall,  Lebanon  Co. ;  at  the  Perkiomen  and  PhenixriUe  lead  mines.  In  Wisconsin,  at  the 
copper  mines  of  Mineral  Point,  and  elswhere.  In  California,  at  Hughes^s  mine  in  Calaveras 
Co. 

Green  malachite  admits  of  a  high  polish,  and  when  in  large  masses  is  cut  into  tables,  snuff- 
boxes, vases,  etc.     Named  from  na'/M^'i,  nuiUotPs,  in  allusion  to  the  green  color. 

CUPROCALCITB. — Massivc.  H.=3.  G.=H'90.  Color  vermilion-red.  Analysis,  Raymond!, 
Cu,0  60-45,  CaO  2016,  CO,  24*00,  H,0  820,  FeO,  0-60,  AlO,  020,  MgO  0*97,  SiOa  030= 
99*86.    Occurs  with  a  ferruginous  calcite  at  the  copper  mines  of  Canza  in  Peru. 


AZURTTE.    Xupferlasur,  Oerm, 

Monoclinic.  C  =  «7°  39' ;  IaI=  99^  32',  OM't  =  138°  41';  c:b:d 
=  1-039  :  1-181  :  1.  O  usually  striated  parallel  with  the  clinodiagonal. 
Cleavage:  2-i  rather  perfect;  i^i  less  distinct;  /  in  traces.  Also  massive, 
and  presenting  imitative  shapes,  having  a  columnar  composition ;  also  dull 
and  earthy. 

11. =3-5-4-25.  G.=3'5-3-831.  Lustre  vitreous,  almost  adamantine. 
Color  various  shades  of  azure-blue,  passing  into  Berlin-blue.  Streak  blue, 
lighter  than  the  color.  Transparent — subtranslucent.  Fracture  conchoidal. 
Brittle. 
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Oomp — Cu,CuaOT+H,0=2CuCO,+HaCuO,=Carbon  dioxide  35-6,  oopper  oxide  69'2, 
water  5-2=100. 

P3rr.,  etc. — Some  as  in  malachite. 

Obs.-— Occuis  at  Cheasy,  near  Lyons,  whence  its  name  CJuMy  Copper.  Also  in  Siberia ;  at 
Moldawa  in  the  Bannat ;  at  Wheal  Buller,  near  Redruth  in  Cornwall ;  also  in  Deyonshire  and 
Derbyshire. 

In  Penn. ,  at  the  Perkiomen  lead  mine ;  at  Phenixyille,  in  crystals ;  at  GomwaU.  In  IFm- 
eonsin,  near  Mineral  Point.     In  California^  Calaveras  Co. ,  at  Hnghes's  mine. 

.  According  to  Schrauf ,  who  has  given  a  crystallographic  monograph  of  the  specieB,  the  f onn 
is  closely  related  to  that  of  epidote  (Bor.  Ak.  Wien,  Joly  3,  1871). 


BISMUTITU.    Wismuthspath,  Germ, 

In  implanted  acicular  crystallizations  (pseudomorphous)  ;  also  incnisting 
or  amorphous ;  pulverulent. 

H.=4-4*5.  Gr.  =  6'86-6*909.  Lustre  vitreous,  when  pure;  sometimes 
dull.  Color  white,  mountain-green,  and  dirty  siskin-green  ;  occasionally 
straw-yellow  and  yellowish-gray.  Streak  greenish-gray  to  colorless.  Sul>- 
transl  ucent — opaque.     Brittle. 

Oomp. — SBisCsOief  9HaOy  Ramm.  (S.  Carolina) = Carbon  dioxide  6 '38,  bismuth  oxide 
89-75,  water  3-87=100. 

Pyr.,  etc. — In  the  closed  tube  decrepitates  and  gfives  off  water.  B.B.  fuses  readily,  and  on. 
charcoal  is  reduced  to  bismuth,  and  coats  the  coal  with  yellow  bismuth  oxide.  Dissolves  in 
nitric  acid,  with  slight  effervescence.  Dissolves  in  hydrochloric  acid,  affording  a  deep  yeUow 
solution. 

Obs. — Bismutite  occurs  at  Schneebcrg  and  Johanngeorgenstadt ;  at  Joachimsthai ;  near 
Baden ;  also  in  the  gold  district  of  Chesterfield,  S.  C. ;  in  Gaston  Co.,  N.  C,  in  yeUowish- 
white  concretions. 

LiKBiGiTE;  VooLiTB  (Uraukalk,  Oerm.). — Carbonates  of  uranium  and  calcium,  from  the 
decomposition  of  uraninite.  Exact  composition  doubtfuL  SciirOckekingite  is  an  oxyoar- 
bonate  of  uranium  (Schrauf).  Orthorhombic.  Occurs  in  six-sided  tabular  crystals.  Joachims- 
thai 


Whewellite. — An  oxalate  of  calcium.     In  minute  monoclinic  crystals  on  calcite. 

HuMBOLDTiTB. — ^A  hydrous  oxalate  of  iron,  2FeC304  +  3aq.  Compact ;  earthy.  In  brown- 
coal  of  Koloseruk,  near  Bilin;  also  in  black  shales  at  Kettle  Point ;  in  Bosanquet,  Canada. 

Mrllite  (Honigstein,  Oerm, ). — Tetragonal.  In  octahedrons  ;  also  massive,  honey -yeUow, 
reddish,  or  brownish,  rarely  white.  Al9CiaOia-l-18aq=Alumina  14  36,  mellitic  acid  40*30, 
water  45 '34=100.  Artem,  Thuringia;  Luschitz,  Bohemia;  Walchow,  Moravia;  Nertechinak, 
etc. 
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VI.  HYDROCARBON  COMPOUNDS. 


The  Ilydrogen-Carbon  Compounds  include  (1)  the  simple  hydrocarbons  ; 
and  (2)  the  oxygenated  hydkocakbons. 

1.  The  SIMPLE  HYDua  carbons  embrace : 

(a)  The  Mai's)!  Gas  series.  General  formula  CnH2n+2-  Here  belong  the 
liquid  mivht/uM,  the  more  volatile  parts  of  petroleum ;  also  tlie  butter-like 
solids  scheererite  and  chinsimitlte. 

Petroleum. — Mineral  oil.  Kerosene.  Bergol,  Steinol,  Erdol,  Oerm.  Petroleum  is  a  thick  to 
thin  lluid.  Color  yellow  or  brown,  or  colorless ;  translucent  to  transparent.  The  specific  gravity 
vnries  from  0*7  to  0*9.  Chemically  it  consists  essentially  of  carbon  and  hydrogen  ;  contain- 
ing several  members  of  the  naphtha  group,  as  also  the  oils  of  the  ethvlene  series,  and  the 
paraffins.  The  proportion  of  the  latter  constituents  increases  with  the  increase  of  the  density 
or  viscidity  of  the  Auid.     It  grades  insensibly  into  pittnsphalt,  and  that  into  solid  bitumen. 

Occurs  in  rocks  or  deposits  of  nearly  all  geological  ages,  from  the  Lower  Silurian  to  the 
present  epoch.  It  is  associated  most  abundantly  with  orgiUaceous  shales  and  sandstones,  but 
is  found  also  permeating  limestones,  giving  them  a  bituminous  odor,  and  rendering  them 
sometimes  a  considerable  source  of  oil.  From  these  oliferous  shales  and  limestones  the  oil 
often  exudes,  and  appears  floating  on  the  streams  or  lakes  of  the  region,  or  rises  in  oil  springs. 
It  also  exists  collected  in  subterranean  cavities  in  certain  rocks,  whence  it  issues  in  jets  or 
fountains  whenever  an  outlet  is  made  by  boring.  These  cavities  are  situated  mostly  along 
the  course  of  gentle  anticlinals  in  the  rocks  of  the  region ;  and  it  is  therefore  probable,  as  has 
been  suggested,  that  they  originated  for  the  most  port  in  the  displacements  of  the  strata  caused 
by  the  slight  uplift  The  oU  which  fills  the  cavities  has  ordinarily  been  derived  from  the 
subjacent  rocks ;  for  the  strata,  m  which  the  cavities  exist,  are  frequently  barren  sandstones. 

Obtained  in  large  quantities  from  the  oil  wells  of  Pennsylvania ;  also  found  in  eastern  Vir- 
g^ia,  Kentucky,  Ohio,  Illinois,  Michigan,  and  New  York.  In  Canada,  at  several  places  ;  in 
southern  California ;  in  Mexico  ;  Trinidad. 

Some  well-known  foreign  localities  are  :  Rangoon,  Burmah ;  western  shore  of  the  Caspian 
Sea ;  in  Parma,  Italy  ;  Sicily ;  Galicia ;  Tegemsee,  Bavaria  ;  Hanover. 


(b)  The  Olefiant  or  Ethylene  series.  General  formula  Cnll2n«  Here 
belong  the  pittolium  gi*oup  of  liquids,  ov  jpittaspludts  (mineral  tar),  and  the 

Paraffin  group. — Wax-like  in  consistence ;  white  and  translucent.  Sparingly  soluble  in 
alcohol,  rather  easily  in  ether,  and  crystallizing  more  or  less  perfectly  from  the  solutions.  O. 
about  0 '85-0 -98.  Melting  point  for  the  following  species,  33^-90^.  The  different  species 
varying  in  the  value  of  n,  vary  also  in  boiling  point,  and  other  characters. 

Paraffins  occur  in  the  Penn.sylvania  petroleum,  a  freezing  mixture  reducing  the  tempera- 
ture being  sufficient  to  separate  it  in  crystals.  Also  in  the  naphtha  of  the  Caspian,  in  Ran- 
goon tar,  and  many  other  liquid  bitumens.  It  is  a  result  of  the  destructive  distillation  of 
peat,  bituminous  coal,  lignite,  coaly  or  bituminous  shales,  most  viscid  bitumens,  wood-tar, 
and  many  other  substances. 

The  name  is  from  the  Latin  parum^  little^  and  ajjinis,  alluding  to  the  feeble  affinity  for  other 
substances,  or,  in  other  words,  its  chemical  indifference. 

To  the  Pan^B^  Group  belong : 

IjRPETniTE. — Consistency  of  soft  tallow.  Melting  point  89^  C.  Soluble  in  cold  ether. 
Urpeth  Colliery. 


392  DESCHUFnYK  HINEBAL06T. 

Hatciiettite. — In  thin  plates  or  massive.  Color  yellowish,  or  gfreenish- white ;  blackens 
on  exposure.  Melting  point  46°  C.  In  the  coal-measures  of  Glamorganshire ;  Boaaitz, 
Moravia. 

Ozocerite. — Like  wax  or  spermaceti  in  appearance  and  consistency.  G.  =0*85-0 "90. 
Colorless  to  white  when  pure ;  often  leek -green,  yellowish,  brownish -yellow,  brown.  Trans- 
lucent. Greasy  to  the  touch.  Fusing  \H)int  56°  to  63*>  C.  Occurs  in  beds  of  coal,  or  associ- 
ated bituminous  deposits  ;  that  of  Slauik,  Moldavia,  beneath  a  bed  of  bituminous  clay  shale ; 
in  masses  of  sometimes  80  to  100  lbs.,  at  the  foot  of  the  Carpathians,  not  far  from  beds. of 
coal  and  salt ;  that  of  Boryslaw  in  a  bituminous  clay  associtited  with  calciferous  beds  in  the 
formation  of  the  Carpathians,  in  masses.  The  same  compound  has  been  obtained  from  mine- 
ral cool,  peat,  and  petroleum,  mineral  tar,  etc.,  by  destructive  distillation.  Named  from  (»^cj^ 
smeUf  and  a//p<>c,  %Dax^  in  allusion  to  the  odor. 

Klatekpte. — Massive,  soft,  elastic ;  often  like  india-rubber,  though  sometimes  hard  and 
brittle.  It  is  found  at  Castleton  in  Derbyshire,  in  the  lead  mine  of  Odin,  along  with  lead  ore 
and  calcite,  in  compact  reniform  or  fungoid  masses,  and  is  abundant.  Also  reported  from  St. 
Bernard's  Well,  Edinburgh,  etc. 

ZiETRisiKiTB  and  Pybopissite  belong  here. 


{c)  The  Camphene  Series.     General  Formula  CnIT2n-4. 

FicnTELrrK.  — In  white  monoclinic  crystalp..  Brittle.  Solidifies  at  8(r  C.  Soluble  in  ether. 
The  mineral  occurs  in  the  form  of  shining  scales,  flat  crystals,  and  thin  layers  between  the 
rings  of  growth  and  tfiroughout  the  texture  of  pine  wood  (identical  in  species  with  the  modem 
Pinuft  sylvestris)  from  peat  beds  in  the  vicinity  of  Bedwitz  in  the  Fichtelgebirge,  North 
Bavaria.     In  peat  near  Sobeslau ;  in  a  log  of  Pinus  Australis. 

Hartite. — Besembles  fichtelite,  but  melts  at  74-75"  C.  Found  in  a  kind  of  pine,  like 
fichtelite.  but  of  a  different  si)ecies,  the  Peuce  acerma  linger,  belonging  to  an  earlier  geological 
epoch.  From  the  brown-coal  beds  of  Oberhart,  near  Gloggnitz,  not  far  from  Vienna.  Reported 
also  from  Rosenthal  near  Koflach  in  Styria,  and  Pravali  in  Cannthia. 

DmiTB  and  Ixolyte  belong  here. 


{d)  The   Benzole   Series,     General    Formula   Cnn2n_6-      Including  the 
Benzole  liquids  and  Konlite  from  Uznach.  and  Rodwitz. 
(e)  The  Naphthalin  Series.     Genei'al  Formula  C„Il2n_i2» 

Naphtiialin. — Occurs  in  Rangoon  tar.  Idrialite,  crystalline  in  the  pure  state.  Color 
white.  In  nature  found  only  impure,  being  mixed  with  cinnabar,  clay,  and  some  pyrite  and 
gypeunr  in  a  brownish -black  earthy  material,  called  from  its  combustibility  and  the  presence 
of  mercury,  injiammaUe  cinnabar  {Queclcsilbcrbranderz).  Idria,  Spain.  Akagotite,  from 
New  Almaden  Mine,  Cal.,  is  related  to  idrialite. 


2.  Tlie  Oxygenated  Hydrocarbons  embrace  different  groups  having 
ratios  of  C  :  II  varying  from  1  :  2  to  5  :  5^,  or  less.  Some  of  the  more 
important  are : 

Gkocerite.  Wax-like.  Color  white.  Melting  point  near  80"  C.  ;  after  fusion  solidifies  as 
a  yellowish  wax,  hard  but  not  very  brittle.  Soluble  in  alcohol  of  80  p.  c.  CaeHb«02=Carbon 
79*24,  hydrogen  13*21,  oxygen  7*55=100.  From  the  same  dark-brown  brown  coal  of  Gester- 
witz  that  afforded  the  g^eomyricite,  and  from  the  same  solution. 

Gkomyricite. — Wax-like.  Obtained  in  a  pulverulent  form  from  a  solution,  the  grains  con- 
sisting of  acicular  crystals.  Color  white.  Melting  point  80-88  C.  After  fusion  has  the 
aspect  of  a  yellowish  brittle  wax.  Soluble  easily  in  hot  absolute  alcohol  and  ether,  but 
slii^htly  in  alcohol  of  80  p.  c  C,4H«^O.j=Carbon  80*59,  hydrogen  13'42,  oxygen  6*99=100. 
Bums  with  a  bright  flame.  Occurs  at  the  Gesterwitz  brown  coal  deposit,  in  a  dark  brown 
layer. 
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SUOCINITB.    Amber.     Saccin,  Ambre,  Fr.     Bernstein,  Oerm, 

In  irregnlar  masses,  without  cleavage.  H.=2-2*5.  G.  =  1-065-1 -081. 
Lustre  resinous.  Color  yellow,  sometimes  reddish,  brownish,  and  whitish, 
of  ten  clouded.  Streak  white.  Transparent — translucent.  Tasteless.  Elec- 
tric on  friction.     Fuses  at  287°  C,  but  without  becoming  a  tiowing  liquid. 

Oomp Ratio  f or  0  :  H  :  0=40  :  64  :  4=Carbon  78-94,  hydrogen  10-53,  oxygen  10-53= 

100.  But  amber  is  not  a  simple  resin.  According  to  Berzclius,  it  consists  mainly  (Ho  to  90 
p.  c. )  of  a  resin  which  resists  all  solvents  (properly  the  kpecies  succinite),  along  with  two  other 
resins  soluble  in  alcohol  and  ether,  an  oil,  and  2|  to  6  p.  c.  of  succinic  acid.  Amber  is  hardly 
acted  on  by  alcohol  Bums  readUy  with  a  yeUow  flame,  emitting  an  agreeable  odor,  and 
leaves  a  black,  shining,  cai'bonaceous  residue. 

Obs. — Occurs  abundantly  on  the  Prussian  coast  of  the  Baltic ;  occurring  from  Dantzig  to 
Memel ;  also  on  the  coast  of  Denmark  and  Sweden ;  in  Galicia,  near  Lemberg,  and  at  Miszau  ; 
in  Poland ;  in  Moravia,  at  Boskowitz,  etc.  ;  in  the  Urals,  Russia ;  near  Christiania,  Norway ; 
in  Switzerland,  near  Bale;  in  France,  near  Paris,  in  clay.  In  England,  near  London,  and  on 
the  coast  of  Norfolk,  Essex,  and  Suffolk.  In  various  parts  of  Asia.  Also  near  Catania,  on 
the  Sicilian  coast.  It  has  been  found  in  various  parts  of  the  Green  sand  formation  of  the 
United  States,  either  loosely  imbedded  in  the  soil,  or  engaged  in  marl  or  lignite,  as  at  Gay 
Head  or  Martha^s  Vineyaid,  near  Trenton,  and  also  at  Camden  in  New  Jersey,  and  at  Cape 
Sable,  near  Magothy  river  in  Maryland.  In  the  royal  mm«eum  at  Berlin  there  is  a  mass 
weighing  18  lbs.  Another  in  the  kingdom  of  Ava,  India,  is  nearly  as  large  as  a  child^s  head, 
and  weighs  !3^  lbs. 

It  is  now  fully  ascertained  that  amber  is  a  vegetable  resin  altered  by  fossilization.  This 
is  inferred  both  from  its  native  situation  with  coal,  or  fossil  wood,  and  from  th«  occurrence 
of  insects  incased  in  it.  Of  these  insects,  i^ome  appear  evidently  to  have  struggled  uf ler  being 
entangled  in  the  then  viscous  fluid  ;  and  occasioniilly  a  leg  or  a  wing  is  found  some  distance 
from  the  body,  which  had  been  detached  in  the  effort  to  escape. 

Amber  was  early  known  to  the  ancients,  and  called  f/'/enTfwv,  eleetrum^  whence,  on  account 
of  its  electrical  susceptibilities,  we  have  derived  the  word  electricity.  It  was  named  by  some 
lyncurium,  though  this  name  was  applied  by  Theophrastus  also  to  a  stone,  probably  to  zircon  or 
tourmaline,  both  minerals  of  remarkable  electrical  properties. 

Other  related  resins  are:  Copalite  {retinite  pt.)  from  Highgate  Hill,  near  London; 
Krantzite,  Nienburg ;  Walciiowite,  Walchow,  Moravia ;  Ambrite,  N.  Zealand ;  Bath- 
VILLITE,  occurring  in  the  torhanite^  or  Boghead  coal  of  Bathville,  Scotland ;  torbanite  is 
related  to  it     Sieqbuboitb,  Scuraufite,  Ambrosine,  Duxite. 

Xyloretinite  (hartine).— C  :  H  :  0=40  :  04  :  4.  Bombiccitb,  C  :  H  :  0=18  :  7  :  1,  in 
lignite  in  the  valley  of  the  Amo,  Tuscany.  Lkucopetrite.  C  :  H  :  O=50  :  84  :  3.  Ges- 
terwitz,  near  Weissenf els.  Euobmitk.  C  :  H  :  0=34  :  29  :  2,  from  th«  brown  coal  at  Baiershof 
in  the  Fichtelgebirge.  Rohthornite.  C  :  H  :  0=24  :  40  :  1.  In  coaI  at  Sonnberg,  Carin- 
thia.     The  above  species  are  soluble  in  ether. 

ScLERETiNiTE.— C  :  H  :  0=40  :  64  :  4.     Insoluble  in  ether.     Wigan,  England. 

Pyroretinite,  Jaulinoitb,  Reubsinite,  Gutaquillite,  Wheelerite  (New  Mexico), 
etc.     Ratio  of  C  :  H=5  :  7  to  5  :  (5^. 

Middletomte,  Stanekite,  Anturacoxenitb.  Ratio  of  C  :  H=5  :  5^  or  less.  Insolu- 
able  in  ether  or  alcohol. 

Tabmanite  and  Dysodilb  are  remarkable  in  containing  sulphur,  replacing  part  of  the 
oxygen. 

The  Acid  Oxygenated  Hydrocarbonb  include  Butyrellite  (Bogbutter), 
Succiiiellite,  Dopplerite,  etc.,  etc. 
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APPENDIX    TO   HYDROCARBONS. 

ASPHALTUM.    Bitamen.    Asphalt,  Mineral  Pitch.     Bergpech,  Erdpech,  Oerm. 

Asphaltum,  or  mineral  pitcli,  is  a  mixture  of  different  hYdrocarbons,  part 
of  whicli  are  oxygenated.     Its  ordinary  characters  are  as  loUows: 

Amorphous.  G.= 1-1*8 ;  sometimes  higlier  from  impurities.  Lustre 
like  tliat  of  black  pitch.  Color  brown isli-black  and  black.  Odor  bitumi- 
nous. Mehs  ordinarily  at  90°  to  100°  C,  and  burns  with  a  bright  flame. 
Soluble  mostly  or  wholly  in  oil  of  turpentine,  and  partly  or  wholly  in  ether ; 
commonly  partly  in  alcohol. 

The  more  solid  kinds  graduate  into  the  pittasphalts  or  mineral  tar,  and 
through  these  there  is  a  gradation  to  petroleum.  The  fluid  kinds  change 
into  the  solid  by  the  loss  of  a  vapoj'izuble  portion  on  exposure,  and  also  by 
a  process  of  oxidation,  >vhicli  consists  first  in  a  loss  of  hydrogen,  and  finally 
in  the  oxygenation  of  a  portion  of  the  mass. 

Oba. — Aspholtnm  belongs  to  rocks  of  no  particular  age.  The  most  abundant  depoedtA  are 
Buperficial.  But  these  arc  generally,  if  not  always,  connected  with  rock  deposits  containing 
BOine  kind  of  bituminous  material  or  vegetable  remains. 

Some  of  the  noted  localities  of  asphaltum  are  the  region  of  the  Dead  Sea,  or  Lake  Asphal- 
tites,  on  Trinidad ;  at  various  places  in  S.  America,  as  at  Caxitambo,  Peru ;  at  Berengela, 
Peru,  not  far  from  Arica  (S.) ;  in  California,  near  the  coast  of  St.  Barbara.  Also  in  smaller 
quantities,  sometimes  disseminated  through  shale,  and  sandstone  rocks,  and  occasionally  lime- 
stones, or  collected  in  cavities  or  scams  in  these  rocks ;  near  Matlock,  Derbyshire ;  Poldioe 
mine  in  Cornwall ;  Vol  de  Travers,  Neuchatel ;  impregnating  dolomite  on  the  island  of  Braua 
in  Dalmatia ;  in  the  Caucasus  ;  in  gneiss  and  mica  schist  in  Sweden. 

The  following  substances  are  closely  related  to  asphaltum,  and,  like  it,  are  mixtures  of  un- 
determined carbohydrogens. 

GuAiiAMiTK,  IKfi/'tf. —Resembles  the  preceding  in  its  pitch-black,  lustrous  appearance;  H. 
=2;  G.  =l*14o.  Soluble  mostly  in  oil  of  tur|>entine  ;  partly  in  ether,  naphtha,  or  benzole ; 
not  at  all  in  alcohol ;  wholly  in  chlorofonn  and  carbon  disulphide.  No  action  with  aUudies  or 
hot  nitric  or  hydrochloric  acid.  Melts  only  imperfectly,  and  with  a  decomposition  of  the 
surface  ;  but  in  this  state  the  interior  may  be  drawn  into  long  threads.  Occurs  in  W.  Vir- 
ginia, about  20  m.  in  an  air  line  S.  of  Parkersburg,  filling  a  fissure  (shrinkage  fissure)  in  a 
sandstone  of  the  Carboniferous  formation ;  and  supposed  to  be,  like  the  albertite,  an  inspis- 
sated and  oxygenated  petroleum. 

Albeutitk,  Itobb. — Differs  from  ordinary  asphaltum  in  being  only  partially  soluble  in  oQ 
of  turpentine,  and  in  its  very  imperfect  fusion  when  heated.  It  has  H.  =1-2;  G. =1*097: 
lustre  brilliant,  pitch-like  ;  color  jet-black.  Softens  a  little  in  boiling  water ;  in  the  flame  of 
a  candle  shows  incipient  fusion.  According  to  imperfect  determinations,  only  a  trace  soluble 
in  alcohol ;  4  p.  c.  in  ether;  80  in  oil  of- turpentine.  Occurs  filling  an  irregular  fissure  in 
rocks  of  the  Subcarboniferous  age  (or  Lower  Carboniferous)  in  Nova  Scotia,  and  is  regarded 
as  an  inspissated  and  oxygenated  petroleum.  This  and  the  above  are  very  valuable  in  gas- 
making. 

Pi.\iiziTR. — ^An  asphalt-like  substance,  remarkable  for  its  high  melting  point,  315^  C.  It 
occurs  slaty  massive ;  color  brownish-  or  greenish-black  ;  thin  splinters  colophonite-brown  by 
transmitted  light ;  streak  light  bro^-n,  amber-brov^-n  ;  H.=l  *5  ;  G. =1  '220 ;  1  186,  Kenngott. 
It  comes  from  a  bed  of  brown  coal  at  Piauze,  near  Neustadt  in  Camiola ;  on  Mt  Chum,  near 
Tiiffer  in  Styria 

WoLLOXGONOiTB,  SUUman. — Occurs  in  cubic  blocks  without  lamination.  Fracture  broad 
conchoidal.  Color  greenish-  to  brownish-black.  Lustre  resinous.  In  the  tube  does  not  melt, 
but  decrepitates  and  gives  off  oil  and  gas ;  jrields  by  dry  distillation  82*5  p.  c.  volatile  matter. 
Insoluble  in  etlier  or  b^uole.    New  £>uth  Wales. 
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MIMBRAL    GOAL 

The  distinguishing  characters  of  Mineral  Coal  are  as  follows :  Compact 
massive,  without  crystalline  structure  or  cleavage ;  sometimes  breaking 
with  a  degree  of  regularity,  but  from  a  jointed  rather  than  a  cleavage  struc- 
ture. Sometimes  laminated  ;  often  faintly  and  delicately  banded,  successive 
layei-s  differing^  slightly  in  lustre. 

II.=0*5~2-5.  (j.=l-l-80.  Lustre  dull  to  brilliant,  and  either  earthy, 
resinous,  or  submetallic.  Color  black,  grayish-black,  brownish-black,  and 
occasionally  iridescent ;  also  sometimes  dark  brown.  Opaque.  Fracture 
conchoidal — uneven.  Brittle ;  rarely  somewhat  sectile.  Without  taste, 
except  from  impurities  present.  Insoluble  or  nearly  so  in  alcohol,  ether, 
naphtha,  and  benzole.  Infusible  to  subfusible ;  but  often  becoming  a  soft, 
pliant,  or  paste-like  mass  when  heated.  On  distillation  most  kinds  afford 
more  or  less  of  oily  and  tarry  substances,  which  are  mixtures  of  hydrocar- 
bons and  paraffin. 

Mineral  coal  is  made  up  of  diflFerent  kinds  of  hydrocarbons,  with  perhaps 
in  some  cases  free  carbon. 

Var. — The  variations  depend  partly  (1)  on  the  amount  of  the  volatile  ingredients  afforded 
on  destructive  destination ;  or  (2)  on  the  nature  of  thene  volatile  compounds,  for  ingredients 
of  similar  composition  may  differ  widely  in  volatility,  etc  ;  (3)  on  structure,  lustre,  and  other 
physical  characters. 

1.  Anthracite.  H.  =2-2-5.  G.=l-32-l-7,  Pennsylvania;  1-81,  Rhode  Island  ;  1-26-1 '30, 
South  Wales.  Lustre  bright,  often  submetallic,  iron  black,  and  frequently  iridescent.  Frac- 
ture conchoidal.  Volatile  matter  after  drying  3  to  0  p.  c.  Bums  with  a  feeble  flame  of  a  pale 
color.  The  anthracites  of  Pennsylvania  contain  ordinarily  85  to  93  per  cent,  of  carbon ;  those 
of  South  Wales,  88  to  95  ;  of  France,  80  to  83 ;  of  Saxony,  81  ;  of  southern  Russia,  some- 
times 94  per  cent.  Anthracite  graduates  into  bituminous  coal,  becoming  less  hard,  and  con- 
taining more  volatile  matter ;  and  an  intermediate  variety  is  called  free-hiirning  anthracite. 

Bituminous  Goals  (Steinkohie  pt..  Germ.).  Under  the  head  of  Bituminous  Coals,  a 
number  of  kinds  are  included  which  differ  stnkingly  in  the  action  of  heat,  and  which  there- 
fore are  of  unlike  constitution.  They  have  the  common  characteristic  of  burning  in  the  fire 
with  a  yellow,  smoky  flame,  and  giving  out  on  distillation  hydrocarbon  oils  or  tar,  and  hence 
the  name  bituminous.  The  ordiwiry  bituminous  coals  contain  from  5  to  15  p.  c.  (rarely  16  or 
17)  of  oxygen  (ash  excluded) ;  while  the  so-called  brown  coal  or  lignite  contains  from  20  to 
36  p.  c,  after  the  expulsion,  at  100"  C,  of  15  to  36  p.  c.  of  water.  The  amount  of  hydrogen 
in  each  is  from  4  to  7  p.  c.  Both  have  usually  a  bright,  pitchy,  greasy  lustre  (whence  often 
called  PfcJikotde  in  German),  a  firm  compact  texture,  are  rather  fragile  compared  with  anthra- 
cite, and  have  G.  =1*14-1 '40.  The  brown  coals  have  often  a  brownish-black  color,  whence 
the  name,  and  more  oxygen,  but  in  these  respects  and  others  they  shade  into  ordinary  bitu- 
minous coals.  The  ordinary  bituminous  coal  of  Pennsylvania  has  G.=  1*26-1 '37;  of  New- 
castle, England,  1*27;  of  Scotland,  1*27-1*32;  of  France,  1-2-1*33;  of  Belgium,  1-27-1*3. 
The  most  prominent  kinds  are  the  f oUowing : 

2.  Caking  Coal.  A  bituminous  coal  which  softens  and  becomes  pasty  or  semi-viscid  in 
the  fire.  This  softening  takes  plabe  at  the  temperature  of  incipient  decomposition,  and  is 
attended  with  the  escape  of  bubbles  of  gas.  On  increasing  the  heat,  the  volatile  products 
which  result  from  the  ultimate  decomposition  of  the  softened  mass  are  driven  off,  and  a 
coherent,  grayish-black,  oeUular,  or  fritted  mass  {atke)  is  left.  Amount  of  coke  left  (or  part 
not  volatile)  varies  from  50  to  85  p.  c.     Byerite  is  from  Middle  Park,  Colorado. 

3.  Non-Cakino  Coal.  Like  the  preceding  in  all  external  characters,  and  often  in  ultimate 
composition  ;  but  burning  freely  without  softening  or  any  appearance  of  incipient  fusion. 

4.  Cannel  Coal  (Paiirot  Coal).  A  variety  of  bituminous  coal,  and  often  caking ;  but  dif- 
fering from  the  preceding  in  texture,  and  to  some  extent  in  comy)OHition,  as  shown  by  its 
products  on  distillation.  It  is  compact,  with  little  or  no  lustre,  and  without  any  appearanoe 
of  a  banded  straotare;  and  it  breaks  with  a  conchoidal  fracture  and  smooth  surfaces;  color 
dull  black  or  grajish-blaok.  On  distillation  it  affords,  after  drying,  40  to  06  of  volatile  mat- 
ter, and  the  mstexial  volatilised  inoludes  a  large  proportion  of  burning  and  lubricating  oils, 
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mnch  larger  than  the  above  kinds  of  bitnminons  coal ;  whence  it  ifl  extensively  osed  for  the 
manufacture  of  Buch  oils.  It  graduates  into  oil-producing  coaly  shales,  the  more  compact  of 
which  it  much  resembles. 

5.  ToRBANiTE.  A  variety  of  cannel  coal  of  a  dark  brown  color,  yellowish  streak,  withont 
lustre,  having  a  subconchoidal  fracture;  H.=2-25;  6.  =  1  17-1 '2.  Yields  over  60  p.  c.  of 
volatile  matter,  and  is  used  for  the  pnxluction  of  burning  and  lubricating  oils,  paraffin,  illu- 
minating gas.  From  Torbane  Hill,  near  Bathgate  in  Linlithgowshire,  Scotland.  Also  called 
Boghefid  Cannel. 

6.  Brown  Coal  (Braunkohle  Germ.,  Pechkohle  pt  Germ.^  Lignite).  The  prominent 
characteristics  of  brown  coal  have  already  l)een  mentioned.  They  are  non-caking,  but  afford 
a  large  proportion  of  volatile  matter  They  are  sometimes  pitch-black  (whence  Pechkohle 
pt.  Gerrn.),  but  often  rather  dull  and  bro^-nish- black.  G.  =  ri5-1  'li  ;  sometimes  higher  from 
impurities.  It  is  occasionally  somewhat  lamellar  in  structure.  Brown  coal  is  often  called 
UgiUU.  But  this  term  is  sometimes  restricted  to  masses  of  coal  which  still  retain  the  form  of 
the  original  wood.  Jet  is  a  black  variety  of  brown  coal,  compact  in  texture,  and  taking  a 
good  polish,  whence  its  use  in  jewelry. 

7.  Earthy  Brown  Coal  {Erdige  Brauukohle)  is  a  brown  friable  material,  sometimes  form- 
ing layers  in  beds  of  brown  coal.  Bat  it  is  in  general  not  a  true  coal,  a  considerable  part  of 
it  being  soluble  in  ether  and  benzoic,  and  often  even  in  alcohol ;  besides  affording  largely  of 
oils  and  paraffin  on  distillation. 

Oomp. — Most  mineral  coal  consists  mainly,  as  the  best  chemists  now  hold,  of  oxifgennieil 
hydrocarbons.  Besides  oxygenated  hydrocarbons,  there  may  also  be  present  simple  hydroe^ir- 
b&ns  (that  is,  containing  no  oxygen). 

8ulj)hur  is  present  in  nearly  all  coals.  It  is  supposeil  to  be  usually  combined  with  iron, 
and  when  the  coal  affords  a  red  axh  on  burning,  there  is  reason  for  believing  this  true.  But 
Percy  mentions  a  coal  from  New  Zealand  (anal.  18)  which  gave  a  peculiarly  whit«  ash, 
although  containing  2  to  8  p.  c.  of  sulphur,  a  fact  showing  that  it  is  present  not  as  a  sulphide 
of  iron,  but  as  a  constituent  of  an  organic  compound.  The  discovery  by  Church  of  a  reain 
containing  sulphur  (see  Tarm anitk,  p.  303),  gives  reason  for  inferring  that  it  may  exist  in 
this  coal  in  that  state,  although  its  presence  as  a  constituent  of  other  organic  compounds  is 
quite  possible. 

The  chemical  relations  of  the  different  kinds  of  coals  will  be  understood  from  the  follow- 
ing analyses: 

Carbon.  Hydrogen.  Oxygen.  Nitrogen.  Sulphur.  Ash. 

1.  Anthracite,  8.  Wales                         92-56            8  33            2  53          1-58 

2.  Caking  Coal,  Northumberland        78-(Jn            0  00          1007  237            151  130 
8.  Non-Caking  Coal,  Zwickau              8025            401           1098  0-49            2-99  157 

4.  Cannel  Coal,  VVigan  8007  553  810  212  150        2-70 

5.  Torbanite,  Torbane  HUl  64-02  8  90  5-66  0*55  0  50      20  32 

6.  Brown  Coal,  Meissen,  Sax.  58  90  5*36  2163         C-61        7  50 

Coal  occurs  in  beds,  interstratified  with  shales,  sandstones,  and  conglomerates,  and  some- 
times limestones,  forming  distinct  layers,  which  vary  from  a  fraction  of  an  inch  to  30  feet  or 
more  in  thickness.  In  the  United  States,  the  anthracites  occur  east  of  the  Alleghany  range, 
in  rocks  that  have  undergone  great  contortions  and  fracturings,  while  the  bituminous  are 
found  farther  west,  in  rocks  that  have  been  less  disturbed  ;  and  this  fact  and  other  observa- 
tions have  led  some  geologists  to  the  view  that  the  anthracites  have  lost  their  bitumen  by  the 
action  of  heat.  The  origin  of  coal  is  mainly  vegetable,  though  animal  life  has  contributed 
somewhat  to  the  result.  The  beds  were  once  beds  of  vegetation,  analogous,  in  most  respects, 
in  mode  of  formation  to  the  peat  beds  of  modem  times,  yet  in  mode  of  burial  often  of  a  very 
different  charac*^er.  This  vegetable  origin  is  proved  not  only  by  the  occurrence  of  the  leaves, 
stems,  and  logs  of  plants  in  the  coal,  but  also  by  the  presence  throughout  its  texture,  in 
many  cases,  of  the  forms  of  the  original  fibres ;  also  by  the  dii'ect  observation  that  peat  is 
a  transition  state  between  unaltered  vegetable  debris  and  brown  coal,  being  sometimes  found 
passing  completely  into  true  brown  ooaL  Peat  differs  from  true  coal  in  want  of  homo- 
geneity, it  visibly  containing  vegetable  fibres  only  partially  altered  ;  and  wherever  changed 
to  a  fine-textured  homogeneous  material,  even  though  hardly  consolidated,  it  may  be  true 
brown  coal. 

Extensive  beds  of  mineral  coal  occur  in  Great  Britain,  covering  11,859  square  miles;  in 
France  about  1,719  sq.  m. ;  in  Spain  about  3,408  sq.  m. ;  in  Belgium  518  sq.  m. ;  in  Nether- 
lands, Prussia,  Bavaria,  Austria,  northern  Italy,  Silesia,  Spain,  Russia  on  the  south  near  the 
Azof,  and  also  in  the  Altai.     It  is  found  in  Asia,  abimdantly  in  China,  etc. ,  etc. 

In  the  United  States  there  are  four  separate  coal  areas.  One  of  these  areas,  the  Appala- 
ofaiiui  coal  field,  commenoea  on  the  north,  in  Pennsylvania  and  southeastern  Ohio,  and  sweep  • 
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ing"  Ronth  over  western  Virginia  and  eastern  Kentucky  and  Tennessee  to  the  west  of  the 
Appalachians,  or  partly  involved  in  their  ridges,  it  continues  to  Alabama,  near  Tuscaloosa, 
where  a  bed  of  coal  has  been  opened.  It  has  been  estimated  to  cover  60.000  sq.  m.  A  sec- 
ond coal  area  (the  Illinois)  lies  adjoining  the  Mississippi,  and  covers  the  larger  part  of  Illixiois, 
though  much  broken  into  patches,  and  a  small  northwest  part  of  Kentucky.  A  third  covers 
the  central  portion  of  Michigan,  not  far  from  5,000  sq.  m.  in  area.  Besides  these,  there  is  a 
smaller  coal  region  (a  fourth)  in  Rhode  Island.  The  total  area  of  workable  coal  measures  in. 
the  United  States  is  about  125,000  sq.  m.  Out  of  the  borders  of  the  United  States,  on  the 
northeast,  commences  a  fifth  coal  area,  that  of  Nova  Scoiia  and  New  Brunswick,  which 
covers,  in  connection  with  that  of  Newfoundland,  IS, 000  sq.  m. 

The  mines  of  western  Pennsylvania,  those  of  the  States  west,  and  those  of  Cumberland  or 
Frostburg,  Maryland,  Richmond  or  Chesterfield,  Va.,  and  other  mines  south,  are  bitumiiwus. 
Those  of  eastern  Pennsylvania  constituting  several  detached  areas— one,  the  JSchuyikiU  coal 
field — another,  the  Wyoming  coal  field — those  of  Rhode  Island  and  Massachusetts,  and  some 
patches  in  Virginia,  are  anthracites.  Cannel  coal  is  found  near  Grcensburg,  Beaver  Co.,  Pa., 
in  Kenawha  Co  ,  Va.,  at  Peytona.  etc.  ;  also  in  Kentucky,  Ohio,  Illinois,  Missouri,  and  Indiana ; 
but  part  of  the  so-called  cannel  is  a  coaly  shale. 

Brown  coal  comes  from  coal  beds  more  recent  than  those  of  the  Carboniferous  age.  But 
much  of  this  more  recent  coal  is  not  distinguishable  from  other  bituminous  coals.  The  coal 
of  Richmond,  Virginia,  is  supposed  to  be  of  the  Liassic  or  Triassic  era ;  the  coal  of  Brora,  in 
Sutherland,  and  of  Bovey,  Yorkshire,  is  Oolitic  in  age.  Cretaceous  coal  occurs  on  Van- 
couver Island,  and  Cretaceous  and  Tertiary  coal  in  many  places  over  the  Rooky  Mountains, 
where  a  **Lignitic  formation"  is  very  widely  distributed. 
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SYNOPSIS  OF  MILLER'S  SYSTEM  OF  CRYSTALLOGRAPHY. 


The  f  oUowingf  pages  contain  a  concise  presentation  of  the  System  of  Ciystallography  pro- 
posed by  Prof.  W.  H.  ^filler  in  1839,  and  now  employed  by  a  large  proportion  of  the  workers 
in  Mineralogy.  The  attempt  has  been  made  to  present  the  subject  briefly,  and  yet  with  suffi- 
cient fulness  to  enable  any  one  having  some  previous  knowledge  of  Crystallography  not  only 
to  understand  the  System,  but  also  to  use  it  himself.  For  the  full  development  of  the  subject, 
especially  of  its  theoretical  side,  reference  must  be  made  to  the  works  of  MiUer,  Grailioh, 
Yon  Lang,  and  Schrauf ,  referred  to  in  the  Introduction,  as  also  to  the  admirable  Lectures  of 
Prof.  Maskelyne,  printed  in  the  Chemical  News  for  1873  (voL  xzxi.,  3,  13,  24,  63,  101,  111, 
121,  153,  200,  232). 

General  Pbincifles. 

The  indices  of  MSUer  and  their  rdation  to  those  of  Naumann, — The  position  of  a  plane  ABC 
(f.  751)  is  determined  when  the  distances  OA,  OB,  00  are  known,  which  it  outs  off  in  the 

751 


assumed  axes  X,  Y,  Z  from  their  point  of  intersection  0.  The  lengths  of  these  axes  for  a 
single  plane  of  a  crystal  being  taken  as  units,  thus  OA  =  a,  OB  =  h,  00  -=  <*,  it  is  found  that  the 
lengths  of  the  oorrespondiag  lines  OH,  OK,  OL  for  any  other  plane,  HKL,  of  the  same  oiys- 
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tal  always  bear  nome  fiiinple  relation,  expreased  in  whole  nomberB,  to  theae  asaamed  nsifeik 
This  relation  may  be  ezprcwed  an  follown : 


or  in  the  more  common  form 


0H-* 

ok"* 

e 
OL 

orm 

1       a 
h     OR  ~ 

1       b 
k  *  OK  " 

1 
I 

c 
OL* 

=  ', 


(1) 


The  numbers  represented  by  h^  k,  I  are  called  the  indices  of  the  plane  and  detennine  its 
position,  when  the  dements  of  the  crystal — the  lengths  and  mutual  inclinations  of  the  axes — 
are  known.  AVhen  the  lines  are  taken  in  the  opposite  direction  from  O,  they  are  called  nega- 
tive ;  the  correKXKmding  negative  character  of  the  indices  is  indicated  by  the  minus  sign 
placed  orer  the  index,  thus,  n^  X*,  or  ?.  When  the  unit,  or  fundamental  form,  is  appropriately 
chosen,  the  nunilicrs  representing  /e,  A*,  /  seldom  exceed  six. 

The  above  relation  may  also  be  written  in  the  form  : 


OH 

-    •  =  r 
a 


OK 


=  n 


OL 

—  =  m, 
c 


Here  r,  n,  m,  which  are  obviously  the  reciprocals  of  the  indices  A,  A;,  I  respectively,  are 
essentially  identical  with  the  symbols  of  Naumann,  For  example,  if  A  =  8,  ^  =  2,  /  =  2, 
then  r  —  t,  w  —  ^,  ?w  =  4,  and  the  symbol  (:{23)  of  Miller  becomes  ^  :  ^b  :  ir]  but  by  Nan- 
mann*s  usage  this  is  so  transformed  that  r  =  1,  and  n  >  1  (or  sometimes  n  =  1,  and  r  >  1), 
in  other  words,  by  multiplying  through  by  3,  in  this  case,  the  symbol  takes  the  form  a  :  |A  : 
Jr,*  or,  as  abbreviated,  jf-^  (*P?)-  The  symbol  a  :  ^b  :  ^c  properly  l)elongB  to  the  plane  MNB 
(f.  751),  which  is  parallel  to,  and  hence  crj'stallographically  identical  (p.  11)  with  the  plane 
IIKL. 

Special  ralues  of  the  indices  A,  k,  I,  It  is  obvious  that  several  distinct  cases  are  ])088ible  ; 
( 1 )  The  three  indices  A,  k,  I  are  aU  greater  than  unity,  then  including  the  various  pyramidal 

planes.     The  number  of  similar  planes  corresponding  to  the  general  form  ]  hkl  >  depends 

upon  the  degree  of  symmetry  of  the  crystalline  system,  and  upon  the  special  values  of  k^  k^l, 
e.g..  //   -  /*,  etc.     These  cases  are  considered  later  in  their  proper  place. 

(2)  One  of  the  three  indices  may  be  equal  to  zero,  indicating  then  that  the  plane  is  parallel 
to  the  axis  corresponding  to  this  index.  Thus  the  symbol  (AAO),  =  a  :  nb  :  i)Cj  or  na  :  b  :  <x>e 
(p.  11),  belongs  to  the  planes  })arullel  to  the  vertical  axis  /-,  as  8ho^l1l  in  f .  752.  They  axe 
called  prismatic  planes.  The  symbol  (/t02),  —  a  :  xb  :  mc  (p.  11)  belongs  to  the  planes  par^ 
allel  to  the  axis  ^,  as  in  f.  753.  The  symbol  (OAi),  —  <xia  i  b\  nie,  belongs  to  the  planes  parallel 
to  the  axis  a,  f. 


754. 


752 


753 


754 


755 


•- 

1  ■  - . 



'  •   ■   " 

>^^ 

y 

.  .■  •    * 

hkO 


001 


(31  Two  of  the  indices  may  be  zero,  the  symbol  (hkl)  then  becomes  (001),  =  oo/i :  ood  :  c, 
the  l>asnl  plane,  f.  755  ;  (010),  =  xa  :  A  :  xr ;  and  (100),  =  «i  :  x;6  :  x  c.  These  are  the 
throe  diametral  or  pinacoid  planes. 

The  symbol  ^010)  represents  the  ch'nojiinacoid  {i-h  of  the  Monoclinic  system,  but  (following 
Miller)  the  fM<irA»;>f /i<ir*>w/ (/-*)  of  the  Orthorhombic.     Similarly  y<00  belongs  to  the  ortho- 


*  The  symbol  is  written  here  in  this  order  to  correspond  with  the  {h  k  D  of  Miller;  on 
page  10,  and  snUiequently,  the  reverse  order  J<* :  ?6  :  a  was  adopted  for  the  sake  of  uni- 
formity with  Naamann'a  abbreviated  symbols. 
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domea  of  llie  Honoolimc,  bnt  the  brae/iydamct  of  tbe  Orthoihombio  B;Btem ;  alao  (OU)  belong! 
to  the  clinodomes  of  the  lormer,  and  the  macTodomea  of  the  latter.     See  olao  p.  415. 

Sphtrieiii  I'nyeetwn, — If  the  centre  of  b  oi7Btal,  that  JB,  the  point  of  interMction  of  the 
three  axes,  be  taken  a«  the  centre  of  a 

Rphere,  and  normals  be  diawn  from  it  to  756 

the  auccexaive  planes  of  the  crystaU,  the 
points,  where  they  meet  the  mirface  of  the 
sphere,  will  be  the  polea  of  the  respective 
plaoea.  For  example,  in  f.  7.^6  the  com- 
mon centre  of  the  crystal  and  sphere  is  at  O, 
the  normal  to  the  plane  6  meets  the  sarfaca 
of  (he  nphere  at  B,  of  b'  at  B',  of  d  and  e 
at  D  and  G  respectively,  and  so  oa  These 
potes  evidently  determine  the  position  of 
the  plane  in  each  case. 

It  is  obvious  that  the  pole  of  the  plane  b' 
(OlO)  opposite  b  (010),  will  be  at  the  oppo- 
site extremity  of  the  diameter  of  the  sphere, 
and  so  in  general,  (120)  and  (130),  etc.  Itia 
seen  also  that  all  ^e  poles,  or  normal  points, 
of  planes  in  the  same  tone,  that  is,  planes 
whose  inteiseotion-linee  are  parallel,  are  in 
the  same  great  circle,  for  instance  the 
planes  b  (010),  a  (110),  n  (100),  e  (110),  and 

It  is  cnstomary*  in  the  nse  of  the  sphere 
to  cepird  it  u  projected  npon  a  horiiontal 
plane,  nsaally  that  normal  to  the  priamatlo 

zone,  BO  that,  as  in  f.  756,  the  priBmntio  planes  lie  in  the  cironmfermce  of  the  circle,  and  the 
other  planes  within  it.  The  eye  being  supposed  to  bv  sitaatod  at  the  opposite  extremity  of 
the  diameter  of  the  sphere  normal  to  this  plane,  the  great  circles  then  appear  either  as  ariM 
of  circles,  or  ns  straight  lines,  i.e.,  diameters. 

It  will  be  farther  obvious  from  f.  750  that  the  arc  BD,  becween  the  poles  of  4  and  4.  msa* 
Bares  an  angle  at  the  centre  (BOD),  which  is  the  sapplement  of  the  aoCunl  interior  angle  bnd 
between  the  two  planes.  This  fact,  that  the  arc  of  a  great  circle  intercepted  between  the 
poles  of  two  planes  always  gives  the  supplement  of  the  sotnal  angle  between  the  planes  them- 
selves, is  most  Important,  and  does  mnch  to  facilitate  the  ease  of  calculation.  In  conseqneace 
of  this,  it  is  custoinaiy  with  many  crystollographers  to  give  for  the  angle  between  two  planes. 
not  the  interfacial  angle,  but  that  between  theii  norm^ 

It  is  one  of  the  great  advantages  of  this  method  of  projection  that  it  may  be  employed  to 
show  not  only  the  relative  positions  of  the  planes,  bnt  also  those  of  the  optic  axes,  and  the 
axes  of  elsstiicity. 

litlaliiin  betvieen  the  indiee*  of  a  plane  and  the  angle  made  bg  it  tci'tA  Vie  axe*  — When  the 
assumed  axes  are  at  right  angles  to  each  other  they  coincide 
with  the  normals  to  the  piuacoid  planes  (001.  010.  1001.  and  7.17 

consequently  meet  the  spherical  surface  at  their  poles.  When 
the  axial  angles  ore  not  W,  this  is  no  longer  true.  In  all 
cases,  however,  the  following  relation  holds  good  between 
the  cosines  of  the  angles  made  by  a  plane  with  the  axes : 


=  oosFX 


op  _ 


)bPT 


»PZ. 


This  equation  Is  fnndalnentBl.  and  many  of  the  relations  given  beyond  are  deduced  from  It. 
It  will  be  seen  that  in  the  oaae  of  the  orthometrio  syatems  the  angles  PX.  FF.  FZ  ore  the 
■npplement-anglea  between  any  plane  {hklj  and  the  pinaooids  (OOl),  (010).  (100). 

Sttationi  betiMtn  flanei  in  ffie  tame  tone. — By  the  use  of  the  equation  (2),  it  may  be  shown 


n  the  oonataiotuni  of  die  spherical  projection,  m«  p.  & 


AFFBSDO. 


that  if  two  planea  (A£I)  and  {p^)  lie  in  the  ki 
good: 

tia  C08  XQ  +  v&  cof 


n*  +  Tl/  + w«  = 


le,  tbftt  the  Iidlowiiig  eqiuticn  mturt  bM 
we  OM  ZQ  =  0, 
w  =  Ag  -  *p. 

r  great  dmle  FB,    EreiT  plaiw 

(S) 


•e  the  sTrnhul  of  one  zone,  and  {etg)  of  onotheT  iutereectJDff  it,  UieD  the  point 
ill  be  the  pole  of  a  plane  lyini;  in  botb  iodcb,  whose  indioee  (AjU)  miut  satia^ 
two  equations  Bimllar  to  |3).     These  indiras  are  equal  to: 


=  er- 


=  ew  — (fu 


1  = 


The  application  of  this  principle  is  eitremel)'  ample,  and  its  importance  cannot  be  over- 
estimated.    Some  examples  arc  added  here,  showing  the  method  of  use. 

/imm/A-n  of  the  me-thndt  of  CHlcnUithn  hy  ioHf».^{\)  For  the  zone  of  planes  between  (100) 
and  (001),  the  zone  indices  are  n  =  0,  v  =  —  1,  w  =  0.  They  are  obtained  by  mnltipUcaitien 
in  the  manner  indicated  in  the  following  scheme  : 


In  general 


i 


XXX 


In  this  case 


XXX 


Conseqnentlj  every  plana  [hid)  in  the  looe  named  tnnsl 
■f  w^  =  0,  that  is,  in  Uiis  case  k=.0.  The  general  STmbt 
I  759. 

(3)  For  the  rone  (001),  (0101,  in  »  similar  manner:  N/  \^  \C 

0       10       0       1 
n  =  1,  T  =  0,  w  —  0.  and  the  equation  of  condition  becomes  A  =  0,  and  the  general  ^m- 
bol  is  lOWl.    Compare  f.  T-'iS. 

(J)  For  the  prismatic  xonc  between  (100)  and  (OlO),  the  general  symbol  will  be  found  to  bt 
(Aifll.     Compare  f.  7.19. 
758  (4)  For  the  pyramidal  zone  between  the  basal  plane  (001)  and 


1 


the  onit  ptism  (110),  webave  theacheme: 


XXX 


1 


Hence   u=  1,  v  =  1,  w  =  0,  and  the  equation   of   condition  be- 
comes h  =  k.  Bud  hence  the  general  symbol  is  hid  for  the  unit  pyra- 

For  a  plane  lying  at  once  in  two  zoueH,  for  instance  the  plane 
lettered  2-5  in  f.  THS,  lying  in  the  zone  I.  2-S,  !-I,  and  in  the  zone 
i-i.  ;M,  2-2,  1.  1-i.  The  indices,  uvw,  for  the  first  zone  1-i  (101), 
2  (110),  are,  obtained  as  above,  u  =  i,v  =  l,  w=l.  Again,  for 
the  zone  between  t-(  (100),  1-i  (Oil),  the  zone  indices,  efg,  are, 
e  —  0.  f  —  T,  g  =  1.  The  indices  lliii).  for  the  phme  (2-2;  lying  in 
both  these  zones,  and  hence  answering  to  two  equations  of  condi- 
tion, aro  obtained  by  multiplication  in  a  scheme  exactly  like  that 
already  given,  viz. : 


XXX. 


3 


—  fw;  yfc  =  ew  — gn;  I  — fa  — ei 
DDseqveutly  the  Hymbol  (Sll). 


-XXX 


A  =  a;  A  =  li  1  =  1. 
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For  the  zone  of  planes,  lettered  on  the  figure  (f.  758)  i-ly  3-3,  2-2,  etc.,  the  indices,  as 
already  shown,  are  e  =  0,  f  =  1,  g  =  1,  • 

and  consequently  the  equation  of  condi-  759 

tion  reduces  to  k  =  1^  and  the  general 
Ryrnbol  is  hkk.  This  zone  is  shown  on  the 
Hpherical  projection,  f.  759,  and  includes 
the  planes  100  (*-«),  311  (3-3),  211  (2-2), 
111  (I),  on  (1-4),  and  so  on. 

A  second  example  of  the  above  method 
is  afforded  by  the  plane  lettered  2-2  in 
f .  758.  It  lies  in  the  zone  i-l  (010)  to  l-« 
(101),  whose  indices,  uyw,  obtained  as  be- 
fore, are,  u  =  1,  v  =  0,  w  ;=  1.  It  is  also 
in  the  zone  between  /(llO)  and  l-i(Oll), 
whose  indices,  efg,  are,  e=l,  f  =  l,  g  =  l. 
Its  own  symbol  (/M)  is  deduced  as  above : 

i      0      1      i      0 

XXX. 

11111 
A  =  l;  A;  =  2;  Z=l. 

The  symbol  is  consequently  (121).  The 
position  of  this  plane  is  shown  on  the 
spherical  projection,  f.  759,  as  also  that  of  the  zone  first  mentioned  above,  whose  indices  were 
u  =  T,  V  =  0,  w  =  1,  and  for  which  the  equation  (3)  consequently  reduces  to  A  =  ^ ;  the  gen- 
eral symbol  is  then  {hkh),  the  planes  010  (»-l),  121  (2-2),  111  (1),  101  (1-f),  etc.,  belong  in  this 
zone. 

The  example  employed  here  serves  to  show  the  extensive  application  of  this  principle  of 
zones.  Supposing  that  in  this  crystal,  f.  758,  I  (110),  and  1-1  (101)  have  been  assumed  as 
fundamental  planes  in  their  respective  zones,  the  symbols  of  all  the  others  may  be  obtained  in 
this  way,  without  the  necessity  of  a  single  measurement ;  the  reflective  gonometer  would 
indicate  the  presence  of  the  few  necessary  zones  qot  shown  by  the  parallel  intersections. 

Methods  of  Calculation. — In  consequence  of  the  wide  application  of  this  method  of  deter- 
mining the  symbols  of  a  plane  by  the  zones  in  which  it  lies,  actual  trigonometrical  calcula- 
tions are  not  very  frequently  required.  The  methods  employed  are  always  those  of  spheric^tl 
trigonometry,  and  in  most  cases  no  formulas  are  needed,  the  problems  arising  requiring 
nothing  but  the  solution  of  the  triangles,  mostly  right-angled,  seen  on  the  spherical  projection. 
It  is  to  be  remembered  that  an  arc  of  a  great  circle,  between  two  poles,  shown  in  the  projec- 
tion, is  always  the  supplement  of  the  actual  interfacial  angle  between  the  planes  themselves. 

Some  of  the  more  commonly  used  formulas  for  the  solution  of  spherical  triangles,  which 
have  been  already  given  on  p  02,  are,  for  the  sake  of  convenience,  repeated  here. 
In  right-angled  spherical  triangles  G  =  90^",  A  =  the  hypothenuse. 

sin  a  .     ^      sin  A 

Sm  A  =  - — r  -  sin  B  = 


Cos  A  = 


TanA  = 


Sin  A 


sin  h 

tan  b 
tanA 

tana 
sin  b 

008  B 

cos  b 

cos  A 
cos  A 


cos  B  = 


tanB  = 


sin  B  = 


sin  A 

tan  a 
tan  A 

tan& 
sin  a 

cos  A 
cos  a 


cos  a  cos  b 
cot  A  cot  B 


In  oblique-angled  spherical  triangles : 


[ 


1)  Sin  A:8inB  =  sina:sind; 
^2)  Cos  a  =  cos  b  cos  c  ■{■  suxbaxi  c  cos  A  ; 
(8)  Got  b  Bmc  =  cos  e  cos  A  4-  sin  A  cot  B ; 
(4)  Cos  A  =  --  cos  BoosO-hsinBsinOooBa. 
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In  oaloolation  it  is  often  more  convenient  to  nae,  instead  of  the  lattet  fonnnlas,  those 
especially  arranged  for  logarithms,  which  will  be  found  in  any  of  the  many  books  dcTOted 
to  mathematical  formulas. 

In  addition  to  the  mere  solution  of  triangles  on  the  spherical  projection,  it  is  also  neoessaxy 
to  connect  by  equations  the  actually  measured  anj^les  with  the  lengths  and  inclinations  ot 
axes  of  the  crystals  themselves.  These  equations  are  g^ven  in  connection  with  the  different 
systems. 

The  following  relation  between  the  planes  in  the  same  sone  is  also  of  very  wide  appli- 
cation : 
Let  P,  Q,  S,  R  be  the  x>oles  of  four  planes  in  a  zone  (f.  700),  having  the  following  indices, 
viz.  :  P  =  (AA^i),  Q  =  (pqr)^  B  =  {uvw)^  S  =  {xyz).    The  fdowing  relation  may 
760  be  deduced  between  them,  on  the  supposition  that  PQ  <  PR. 

'^  cot  PS -cot  PR  _   (P.Q)       (S.R) 


Here, 


cot  PQ- cot  PR       (Q.R)  •    (P.S)  • 

(P.Q)   _  kr  —  lg_  Vp  —  hr  ^hg—  kp 
(Q.R)  ~~  gw  —  rv  "  Tu  —  pto  "^ pv  —  gu* 

(S.R)  _  try  —  gg  _  8u  —  xuf  _xv-'yti 
(P.S)  ''k2-lt/'~'lx-hz~  ky  -  kx 


(4) 


(6) 


By  means  of  the  above  equation  it  is  possible  to  deduce  the  indices  or  angle  of  a  fourth 
plane,  when  those  of  the  three  others  are  given.  In  the  application  of  this  principle  it  is 
essential  that  the  planes  should  be  taken  in  the  proper  order,  as  shown  above :  to  accomplish 
this  it  is  often  necessary  to  use  the  indices  and  corresponding  angles,  not  of  {hkl)^  but  its 
opposite  plane  {hkl)^  etc. 

In  the  orthometric  systems  this  relation  admits  of  being  much  simplified. 

If  one  of  the  above  four  planes  coinddeB  with  a  pinacoid  plane  (100),  (010),  or  ((X)l),  and 
another  with  a  plane  in  a  zone  with  a  second  pinacoid  90'  from  the  first,  then  the  following 
delations  hold  good  for  two  planes  V{hkl)^  and  (^{pgr)  in  this  zone : 


h 

tan 

PA 

k      I 

p 

*  t«n  QA 

^  q~  T 

h 
P 

tanPB      I 
tan  QB  ""  r' 

h 

k 

I 

tanPO 

P 

Q 

r 

tanQC 

As  a  further  simplification  of  the  above  equation  for  the  case  of  a  prismatic  plane  {hkOf)^  or 
a  dome  {hOl)  or  (OA^),  between  two  pinacoid  planes  90^  from  another,  we  have  : 

^_  tan  (100)  (110)^  ^  _  tan  (001)  (^0^) ,  k  _  tan  (001)  {Okl) 

k  ~  tan  (100)  (AJfcO)'  /  ~  tan  (001)  (101) '  i  ""  tan  (001)  (Oil)* 

These  equations  are  the  ones  ordinarily  employed  to  determine  the  symbol  of  any  prismatic 
plane  or  dome.  It  will  be  seen  at  once  that  all  the  above  relations  for  rectangular  zones  are 
essentially  identical  with  those  given  on  p.  59,  though  here  expressed  in  a  clearer  and  more 
concise  form. 

Systems  of  Crystallization. 

» 

All  crystals  are  divided  into  six  classes,  according  to  the  degree  of  symmetry  which  charac* 
terizes  them.  This  symmetry,  as  well  as  the  relations  of  the  different  planes  of  a  crystal,  is 
shown  in  the  lengths  and  position  of  the  axes  which  are  taken  for  each.  With  reference  to 
their  axial  relations  crystals  are  divided  into  the  following  six  systems; 

I.  Isometric  System. — Three  equal  axes  (a,  a,  a)  at  right  angles  to  one  another. 

IL  Tetragonal  System. — Two  equal  lateral  axes  (a,  a),  and  a  third  vertical  axis  (c)  of  un- 
equal length;  all  at  right  angles. 
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III  Eexag&JuU  System. — Three  equal  lateral  axes  (a,  a,  a)  orosaing  at  angles  of  60",  and  a 
fourth  vertical  axis  (c)  of  unequid  length,  perpendicular  to  tiie  plane  of  the  others. 

IV.   Orthorhomhiii  aystem.  — Three  unequal  axes  (c,  h^  a)  at  right  angles  to  each  other. 

y.  Monodinic  System — Three  unequal  axes  (r,  b^  dS ;  the  angle  between  c  and  6,  and 
between  6  and  d  =  00^,  but  the  angle  between  c  and  d  g^reater  and  less  than  90''. 

VI.  TricUnic  System, — Three  unequal  axes  (<*,  by  d) ;  the  axial  angles  a,  /?,  y  all  oblique. 

I.  IsoMETBic  System. 

The  symbol  [hkX\  embraces  all  the  forms  possible  under  each  system  in  the  most  general 
case.  Since  in  the  Isometric  System  all  the  axes  are  of  equal  value,  it  obviously  follows 
from  the  symmetiy  of  the  system  that  each  one  of  the  indices  may  be  exchanged  for  each  of 
the  others,  so  that  the  total  number  of  planes  possible  will  be  given  by  all  the  arrangements 
of  the  indices  ±A,  ±ky  ±2,  or  as  follows: 


?M 

7dk 

wa 

klh 

Xhk 

Ikk 

m 

Wk 

khl 

klh 

Ihk 

Ik/i 

m 

Uk 

m 

klh 

Vik 

Ikh 

m 

Uk 

m 

Jclh 

Ihk 

Vch 

hkl 

m 

khl 

Mh 

Ihk 

Uch 

m 

m 

hhi 

m 

Ihk 

Vch 

hkl 

m 

m 

Jclh 

Ihh 

Ikh 

m 

m 

m 

m 

Ihk 

Ikh 

A.  HolohedrcU  Farms. 

There  are  seven  oiuBes  possible  among  the  holohedral  forms  of  this  system,  according  to  the 
values  of  h^  k^  I  These  are  shown  in  the  list  below,  to  which  are  added  the  eymboU,  after 
Naumann,  given  on  p.  14,  though,  as  already  explained,  written  in  the  inverse  order.  In  the 
most  genenil  case  [Md]*  the  form  includes  forty  eight  similar  planes,  and  in  the  most 
special  case  [lOOJ,  there  are  included  six  similar  planes. 


Miller. 

Naumann. 

1.  [hkl] 

; h>k>l 

a  :  na  :  ma 

[m-n]. 

2.  [hkk] ; 

rh^k. 

a  :  ma  :  m^i 

[m-m] 

8.  [AAA;] 

;  h>k. 

a  :  a  :  ma 

[m]. 

4.  [lU] 

;h  =  k  =  l  =  l. 

a  :  a  :  a 

[IJ. 

5.  [AA:0] : 

1  =  0. 

a  :  na  :  aoa 

[i-n]. 

6.  [IIOJ ; 

,  h-k-1;  l- 

=  0. 

a  :  a  :  ooa 

m. 

7.  [lOOJ ; 

h  =  l,k  =  l  = 

0. 

a  :  aoa  :  coa 

[^J. 

The  seven  distinct  forms  corresponding  to  these  symbols  are  as  follows,  taken  in  the  same 
order  as  on  pp  14-20,  where  the  forms  are  described : 

Cube  (f.  761).— Symbol  [lOOJ,  including  the  six  pUnes  (100),  (010),  (lOO),  (OlO),  (001), 
(001).     See  also  the  spherical  projection  (f.  766). 


761 


762 


763 


764 


[100] 


[111] 


[110] 


[100]  [111] 


[100]  [110]  [111] 


Octahedron  (f.  762). — Symbol  [111],  including  the  eight  planes  taken  in  order  shown  in 

f.  762.  (Ill),  (ill),  (ill),  (lii),  (111),  (Hi),  (ill),  (lii). 


*In  general  the  indices  of  any  individual  plane  are  written  (AA:^,  whereas  the  general 
symbol  [hM]  indicates  aU  the  planes  belonging  to  the  form,  varying  in  number  in  the  different 
systems ;  thus,  in  this  system,  [100]  is  the  general  symbol  for  l£e  six  similar  planes  of  the 
cube. 
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Dodemhedrcn  (f.  763).— Symbol  [110],  including  the  twelve  planes,  (110),   (IlO),  (Il0\ 

(110),  (loi),  (Oil),  (ioi),  (Oil),  (101),  (Oil),  (ioi),  (oii). 

The  relations  between  these  three  forms  are  given  in  full  on  pp.  15,  16,  and  need  not  be 
repeated.  It  is  to  be  noticed  that  the  distance  between  two  contiguous  poles  of  [lOOj  and 
[IIOJ  is  45°  (see  f.  766) ;  between  those  of  [lOOJ  and  [111]  it  is  54"  44',  and  between  (110)  and 
(111)  it  is  35"  16'.  Moreover,  the  angle  between  (111)  and  (ill)  is  70'  SS',  and  between  (111) 
and  (iil),  100^28'.  ^ 


767 


[211J 


Tetragonal  trisoctahedron  (f.  767,  768). — Symbol  [hkk],  with  A  >^,  comprising  twenty-four 
similar  planes. 

Trigonal  trisoctahedron  (f.  769). — Symbol  [M^J,  with  A  >  A;,  also  embracing  twenty-f  oar  lik« 
planes. 


769 


771 


772 


[221] 


[210] 


[310] 


[321J 


TetraJi^xahedron  (f.  770. 771). — Symbol  [hM\  including  twenty-four  like  planes.  As  seen  on 
the  spherical  projection  (f.  766),  the  planes  of  the  form  [hkO]  lie  in  a  zone  with  the  dodeca- 
hedral  planes,  between  two  pinacoid  planes. 

Uexoctahedroii  (f.  772),  [JiH]. — This  is  the  most  general  form  in  the  system,  including  the 
forty-eight  planes  enumerated  on  p.  405.  Their  position  (A  =  3,  A:  =  2,  i  =  1)  is  shown  on 
the  spherical  projection  (f.  766). 


B.  Ilemihedral  Forma. 

There  are  two  kinds  of  hemihedral  forms  observed,  as  shown  on  p.  20 :  (1)  the  Ticiohemi^ 
hedral^  where  half  the  quadrants  have  the  whole  number  of  planes ;  and  (2)  the  holohemihednU 
where  all  the  quadrants  have  half  the  full  numl)er  of  planes.  The  first  kind  produces  indined 
hemihedrons,  indicated  by  the  symbol  K[h1d\^  and  the  second  kind  produces  par/z^  hemihe- 
drons,  indicated  by  the  symbol  r  [hld\ .    The  resulting  forms  in  the  several  cases  are  aa  follows : 
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(f.  773)  iooIndeB  the  four  planes  (111),  (111),  (111),  (III).     The  n 
inclndea  the  planea  (Ul),  (111),  (Hi),  (111). 


«(1U] 


.[111] 


«(3I1] 


"[121] 


«[321] 


ITemi-trigoetahedroru. — The  iTmbol  ii[hkk]  denotes  the  solid  shown  in  f.  77S,  and  "[hill] 
the  solid  shown  la  1.  770,  Thej  are  the  bsmihedral  forms  o(  the  letragonftl  and  trisonal 
trisoctdliedrona  reHpectlTelj. 

Ilcmi-hexoetahedroa. — The  same  kind  of  hemihedriim  applied  to  the  heiootahedron  pro- 
duces the  form  shown  in  f.  777,  havinf;  the  genernl  Hymbol  '.[liM\. 

Inclined  hemihedrism  as  applied  to  the  three  other  aolids  of  this  pfstem  prodnces  forms 
in  no  way  different,  in  outwalil  appearance,  from  the  holohedral  foims. 

Parallel  Hrhiiiediussi  prodnces  distinct,  -inilependent,  forms  onl^r  in  the  cose  ol  the 
tetrahexabedron  and  the  hexoctahedion.  The  symbol  of  the  fonneris  i[AM],  and  of  the 
latter,  -{hkl\ ;  thej  are  shown  in  t  778-71^2. 


Mathemaliad  Bdatiima  of  the  Itomatria  SffStam. 

(1)  The  distance  of  the  pole  of  an;  plane  F(AjU)  from  the  cnbic{OTpiaaooid)  planes  is  pren 
b;  the  following  equations.  These  are  derived  from  equation  <3),  p.  401.  Here  PX(  =  PA) 
is  the  distance  between  (hU)  and  (100)  ■  PY(=PB)  is  the  distance  between  (AW)  and  (010) ; 
aud  PZ(=PC)  that  between  (h/d}  and  (001). 

The  following  equations  admit  of  much  simpMcation  In  special  cases,  for  (hIcO),  {hM},  etc 


''  PA  =  ,- 


oos'  PB  = 


''  ^  -  inru-m ■ 


^  ^/^A'+k'  +  P)^p^  +  g^•^.f^■ 
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For  the  hemihedral  fonn  (f.  775),  ooe  B  = 


h*  +  2k^' 


(b)  Trigonal  trisoetahedron, — The  angles  A  and  0  are,  as  before,  the  sappLementB  of  the 
interfacial  angles  of  the  edges  lettered  as  in  f.  7G9. 

j^i 2hk 

For  the  hemihedratform  (f.  776),  cos  B  = -, . 

in'  4-  K^ 

Tetrahexahedron  (f .  770), 

cos  A  =  jz — r, ;  cos  C  =  r=-. — r^. 

/a*  -h  A;*  *  A*  +  A* 

For  the  hemihedral  form  (1  778),  cos  A"  =  ^:5 r:  .  oos  C  =  —^ 

n*  -t  kr  h*  -\-  jkF 

Hexoctahedran  (f.  772). 

«»   -^  =  X4     .     M     .     „  ;    COS   B  =   r= j-5 T^\    COS   0  =  irz jr jr. 

A*  +  *»  -h  i* '  A*  -h  A;*  -h  i* '  A*  +  A*  +  P 

A*  —  2A:? 
For  the  hemihedral  form  K[?Ud:\  (f.  777),  cos  B'  =  rj ^rj — tj. 

For  ^[/W:q,  cos  A  =  ^^—^^^—^j  cos  C  =-j^^— ^^-^. 

For  planes  lying  in  the  same  zone  the  methods  of  calculation  given  on  p.  402  and  p.  404 
are  made  use  of.  In  many  cases,  however,  the  simplest  method  of  solution  of  a  given  prob* 
lem  is  by  means  of  the  spherical  triangles  on  the  projection  (f.  760). 

II.  Tetragonal  System. 

In  the  Tetragonal  System,  since  the  vertical  axis  c  has  a  different  length  from  the  two 
equal  lateral  axes,  the  index  2,  referring  to  it,  is  never  exchangeable  for  the  other  indices,  h  and  Ar. 
The  general  form  [hkl]  consequently  embraces  all  the  planes  whicb  have  as  their  symbols 
the  different  ^rangements  of  ±A,  ±A;,  ±1^  in  which  I  always  holds  the  last  plaoe.  We 
thus  obtain : 


hkl 

hU 

hJcl 

m 

m 

m 

m 

khl 

m 

hja 

m 

m 

m 

m 

m 

m 

A.  Hohhedral  Forms, 


According  to  the  values  of  A,  k^  and  I  in  this  general  form  (A  =  0,  A;  =  A,  etc.),  different 
cases  may  arise.  By  this  means  we  obtain  a  list  of  all  the  possible  distinct  holohedrai  forma 
in  this  system.     They  are  analogous  to  those  of  the  Isometric  System. 


Miller. 

Nauman» 

\, 

1.  {hkl\\  h>k. 

a  ina'.mc 

[m-n]s 

2.  [hid];  h=ik. 

a  :  aime 

[m]. 

3.  [AWJ  ;  A  or  A;  =  0. 

a  :  Qoa  :  mo 

[m-fl. 

4.  [AAO];  h>k,l  =  0. 

a  :na  :  ooe 

[^»J. 

6.  [IIOJ;  A=A;  =  1,  Z=0. 

a  :  a  :  ooc 

[/]. 

6.  [100] ;  A;  =  0,  i  =  0. 

a  :  coa  :  <x>e 

[i'il 

7.  [001];  A  =  A;  =  0. 

coa  :  ooa  :  e 

\0]. 
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The  fonns  answering  to  these  general  Hymbols  (oompare  f.  TOO)  are  aa  foUowa : 

Banal  plaiiiW.— Symbol  [QUI],  includiag  the  t'lanea  (001)  and  (001). 

t'riioui.—ia)  Biametrai  priun,  or  that  of  the  teomd  teria  (f.  783).  Sjmbol  [100],  In- 
cluding the  four  planes  (100),  (010),  (100),  (010). 

(6)  Unit  prism,  or  prism  'if  the  Jlf*(  »ffr««  (f.  784). — Symbol  [110],  embiadng  the  four 
planeH  (110).  IIIO),  (110),  |110).     The  relatioD  of  thaae  two  prisms  ia  ahown  on  p.  2S. 

(e)  Oct'iyomd -p^imt.  78.i). -Symbol  [AAO],  inclnding  the  eight  pUuea  (WO).  (i/iO),  (*A0), 
{hm-  (W-O),  (t^O).  (AAO).  {hkO). 

OctahfdTonn  or  /^("urb- —There  aie  two  series  of  ootahsdral  planes,  oorrespODding:  to  the 
two  sriuare  prisms,  (a)  Octahedrons  of  the  leeimd,  or  dutmetrai  seriea.  Bjmbol  [MV],  in- 
cluding eight  similar  planes'     The  form  [101]  U  shown  lu  t.  T8B. 

\b)  Octahedrons  of  Vboflrtt,  or  una  ■eriea.— Symbol  [hid[,  embraoing  eight  similar  planee. 
The  form  [111]  is  Bbowu  in  L  787. 


781 


785 


786 


787 


The  relationa  o(  the  Tarioas  tetragonal  forms  will  be  nnderatood  bj  reference  U 
■howing  the  projaotion  for  the  orystal  represonted  in  t.  789. 

B.  Bemiliedral  Farmi.  i; 

Among  the  hemihedral  forms  thero  are  to  be  distingnished  throe  olasset, 
as  shown  on  p.  23  rf  ttq-  1.  Sphenoiditl  hemihedrons,  corresponding  to  the 
ineii/MKi  hemihodrone  of  the  Isometrio  system.  They  are  indicated  by  the 
eymbol  ff[AW).     The  sphenoid  t[11I]  is  shown  inf.  701. 

3.  Pyramidai  hemihedrona,  that  is,  those  which  are  hemiholohedral,  and 
vertioaily  direct.      There  are  indicated  by  the  symbol  "[Wfl. 

'A    Traptzoidnl  hemihedrons,  hemiholohedral  like  those  jnat  r 
bui  TerticaUy  alternate.     They  have  the  ^mbol  «'[*«]. 


intioned. 
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Mdthematiedl  Bdations  of  the  Tetragonal  System, 

(1)  The  distances  of  the  pole  of  any  plane  T{hkl)  from  the  pinaooid  planes  100  (=  PA),  010 
(=  PB),  001  (=  PC)  are  given  by  the  following  equations: 

,  p .  _  ?i*6^  ,  ™  _  ifcV ,  -,^  ^  Pa* 

"^  ^^  -  AVTFcTr^-^ '  "^^  ^"  -  AvTArvTr^i ;  cos  fo  -  ^^5^^^^— ~^^ 

These  may  also  be  expressed  in  the  form : 

(2)  For  the  distance  between  the  poles  of  any  two  planes  {hM),  {pqr),  we  have  in  general : 

cos  PQ  =      ______^???!±M±^^'.  _      . 

y/  [(A-  4-  ^•«)c'  +  Pa'']  [( p«  +  y V  +  r^a*]  * 

The  above  equations  take  a  simpler  form  for  special  cases  often  occurring. 

(3)  PUtnes  in  the  same  zone, — For  the  general  case  of  planes  (hM)  and  {pqr)  the  re- 
lation given  in  equation  4  (p.  404)  is  made  use  of.  In  the  speciiU  cases,  practically  of  the 
most  importance,  where  the  planes  lie  iu  a  zone  with  a  pinacoid  plane,  the  simplified  formnlM 
are  employed. 

For  the  octagonal  prism  this  relation  becomes : 

tan  (100)  (hM)  =  cot  (010)  {hkO)  =  j . 

Determination  of  the  axis  c. — This  follows  from  equation  (1),  p.  401,  which,  for  this  oaae, 
becomes : 

1  c 

T  cos  FA  =  -r  cos  PC,  (o  =  1). 

For  an  octahedron  (hOl)  in  the  diametral  series,  we  have : 

tan  (AOi)  (001)  =  y. 

For  the  unit  octahedron  (111),  we  have : 

tan(lll)(001).co8  45*'  =  (i. 

III.  Hexagonal  System. 

The  Hexagonal  System  and  its  hemihedral,  or  rhombohedral,  division  are  both  induded  by 
Miller  iu  his  Rhombohedhal  System  (sec  p.  420).  All  hexagonal  aud  rhombohedral  forms 
are  referred  by  him  to  three  equal  axes,  oblique  to  one  another,  and  normal  to  the  faces  of 
the  unit  rhombohedron.  This  method  has  the  great  disadvantage  of  failing  to  exhibit  the 
hexagonal  symmetry  existing  in  the  holohedral  forms,  since  in  this  way  the  similar  planes  of  a 
hexagonal  pyramid  receive  two  different  Hets  of  symbols,  having  no  apparent  connection  with 
each  other.  It,  moreover,  hides  the  relation  between  this  system  and  the  tetragonal  system, 
which,  optically,  are  identical,  since  they  possess  alike  one  axis  of  optical  s^^mmetiy. 

The  latter  difficulty  was  avoided  by  Schrauf,  who  introduced  the  Orthoitexaoonal  Sys- 
tem.    In  this  the  optical  axis  was  made  the  crystallographical  vertical  axis,  and  otherwise 

two  lateral  axes,  at  right  angles  to  each  other,  were  assumed,  a  and  a  1 3.     This  method,  how- 
ever, does  not  overcome  the  other  obj  ection  named  above. 

In  the  method  of  Weiss  and  Naumann  a  vertical  axis,  coinciding  with  the  optical  axis,  was 
adopted,  and  three  lateral  axes  in  a  plane  at  right  angles  to  it,  they  intersecting  at  angles  of 
60  ,  corresponding  to  the  planes  of  symmetry  in  the  holohedral  forms  (see  p.  420).  In  this 
way  only  can  the  symmetry  of  the  hexagonsd  forms  be  clearly  brought  out,  and  at  the  same 
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time  the  relatioa  betireen  tlie  hexagonal  aad  lekragonii  tyatema  exhibited.  Becentlj  Orcith 
(Tsch.  Min.  Mitth.,  1874,  323,  and  Phye.  Kryat.,  1876,  p.  253)  has  shown  that  the  complete 
Bjmbols  of  Weiae  and  Naumann  could  be  translated  into  a  reciprocal,  integral  form  after 
the  manner  of  Miller.  The  Hj-mbolB  then  obtained,  as  ws£  also  aha>ra,  admit  of  a  like  con- 
venient line  in  caJculation.  Easentiallr  the  same  method  was  proposed  in  1800  bj  Biavais, 
and  hia  HuggeHtion  ii  followed  herej  the  more  important  equations,  expressing;  the  relations 
between  the  poles  of  the  planea,  their  indices,  and  tlic  axes  of  the  crj^stal  are  also  added. 
They  are  given  somewhat  in  detail,  aince  they  are  not  included  in  any  of  the  works  on  Miller's 
HyHtem  before  referred  to. 

All  hexagonal  forma  are  referred  to  a  vertical  axis,  c,  and  three  eqnal  lateral  axes  In  a 
plnue  at  right  angles  to  it,  intecaeocing  at  angles  of  60° 
and  ViO"  (f.  7S)2),     The  general  symbol  for  a  plane  in  this  792 

system  is  0k!i),  where  it  is  always  true  that  the  alge- 
braic sum  of  A,  i,  J  is  xero,  that  is.  h  +  k  +  I  =  0.  The 
indices  here  are  the  reciprocals  of  those  of  Naumann, 
except  that  the  index  (  has  the  opposite  sign,  and  the 
order  at  two  of  the  indices  is  inverted.  According  to 
him  the  general  symbol  of  any  plane  is  m-n  (=»iPn}, 


nfnU,- 


Thus  the  plane  3-}  (3P}) 
DonMpond 


)  cliaoge  the  ^most  unl- 


han  the  full  symbol,  Sa  :  a  :  Ja  : 
withtheothersymbolsitmustbe  written,  3a  :  }i 
The  reciprocals  of  the  latter  indices  ore  I  :  f  :  1  :  t,  or, 
reduced  to  integers  (and  changing  the  sign  of  i)  (1231), 
which  is  the  ^mbol  according  to  the  plan  here  fol- 
lowed. Similarly  the  plane  (2243)  gives,  on  taking  the 
reciprocals,  ia  :  iit :  ia  :  ie.  which  iseqaiTalenttoSa  :  2a 
:  a  :  In,  or  in  Naumaon's  abbreviated  form  J-2(=JP2), 

It  is  the  great  advantage  of  this  method  that  It  makea  it  poudble 
Tersally  adopted  symbols  of   Weus  and 

Sf'tunuinn  into  a  form  which  allow  of  all  ' 

the  readiness  of  calculation  and  the  appli-  1 

oation  to  tJie  spherical  projection  which 
are  the  characteristics  of  Miller's  System. 

In  calculations,  both  by  lone  equations 
and  other  methods,  ouly  two  of  the  indices 
ft,  k,  or  I  of  the  form  [hk'i)  need  bo 
employed,  with  the  remaining  index  i  (re- 
ferring to  the  vertical  axis).  This  is  ob- 
Tioualytrue,  since  the  three  indices  named 
ate  connected  by  the  equation  h  +  k  -\-l 
=  0.  Uiaregording,  then,  in  calculation 
the  third  index  I,  as  shown  beyond,  the 
plnnea  are  referred  to  two  equal  lateral 
axes,  intersecting  at  an  angle  of  120", 
and  a  third  vertical  axis  t'. 

The  symbol  [itkU]  in  ita  more  gen- 
eral form  embraces  twenty-four  planes, 
OS  IB  evident  from  on  inspection  of  the 
apbericsl  projection,  t.  7U3.  Here  A,  k,  I 
are  of  equal  value  and  mutually  exchange- 
able, with  the  condition,  however,  that 
their  algebraic  sum  shall  always  equal 
zero.     Of  the  twentj-foor  planes  of  the 

dihexagonal  pyraniid,  the  following  are  those  of  the  npper  quadrants  mentioned  in  ortl«r 
from  left  to  right  around  theoii^e(f.  798).  Those  below  have  the  same  symbols,  exoept  that 
the  index  t  in  each  case  is  minus  : 
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i  II1S21  :       h  =  k  =  l.:l  =  2, 
i  [Om]  ;       t  =  0.-.i  =  A 
}  [OlilJi       A=l,i:  =  0.-.i  = 


[11201 : 
[01 10]  : 
[0001]  ; 


*=0 

t  =  0,ft  =  *  =  l.'.  1=8 
(  =  0,*  =  0,  A=l.-.  (=1 
A  =  *  =  i  =  0. 


2a  :  ia  :  a  :  me 

m-ll 

1-21 

«1 

«u:o:a;<i 

PI 

A.  HoioKedral  Forau. 

The  fomu  to  which  these  afmboU  belong  have  been  alresdj  menttoned  on  pp.  33-3(. 
They  may  be  briefly  recapitulated  here.  They  are  takes  in  the  reverse  order  from  that  giren 
in  the  tabl& 

Aim;  pinne*.— Symbol  (0001)  and  (OOOl). 

PrwnM.— (ul  The  vntl  prism  (/..  General  ayinbol  [01  TO],  Inclndinfr  (sr-e  f,  793,  794)  the 
Bix  planes  with  the  foUowing  ajrabolH  :    (OliO),  (IlOO!,  (iOlO),  (OllOi,  (UOO),  (lOiO). 

{b)  The  diagonnl  prism  (i-3).  General  symbol  [11^0],  indadinK  (f.  703,  703)  the  follow- 
ing eii  planes :  (1120).  (1310),  tailO),  (1120).  tl3lu),i31iO>. 

(e)  The  iHAemgoRal  jiiiam  (i-n).  General  symbol  [UK)],  embracing^  the  followiDg  twelve 
planes  mentioned  in  order : 

(A*iO),  {h&a),  (MO),  (?wo).  Ohm,  (HiO).  (Mio),  (A?*0),  i,m%  («-;,o),  (isfo),  (twoj. 

Ht»igi>nal  pt/ramidA,  or  QiiarUoiiU. — (n)  The  pyramids  of  tbejfrjt  or  unii  urit*.  Oeneial 
symbol  [OAAi]  embracing  twelve  similar  pliuies.  All  the  pyramids  of  this  series  lie  in  a 
Eone  between  the  unit  prism  [0110]  and  the  base  [0001].  A  speciBl  case  of  this  is  when 
h  =  k  =  i='i.    The  planes  of  this  form  (f.  700)  are  shown  on  the  projection,  i.  7B3. 


7*;ir 


m 


(ft)  Pyramids  of  the  tteond,  or  diagonal  teriet.  General  symbol  [hh  2fi  2i] ,  inolnding  twelve 
planes,  analogous  to  those  of  the  pyramid  noit  series.  All  the  pyrainida  of  thia  series  lie  in 
&  zone  between  the  diagonal  prism,  whose  general  symbol  is  [1130],  and  the  basal  plane 
[0001]. 

TvieiBa-tididjys/ramidt,  or  Bery'loid*  (t.  007).— General  symbol  [Wrfi],  inolnding  the  twenty- 
four  pUnes  enumerated  on  p.  411, 


*  The  order  <d  the  terms  in  the  symbols  below  is  made  to  oorrespond  to  that  of  the  indioei 
h,k,L 


miller's  system  op  cbystallography. 
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798 


800 


B.  Hemihedral  Forms, 

The  most  important  of  the  hemihedral  forms  in  this  system  are  as  follows : 

1.  Pyramidal  hemihedrism. — This  oomes  under  the  head  of  holohemihedral  forms,  which 
are  vertioolly  direct  (see  pp.  34,  35).  It  is  indicated  like 
the  corresponding  hemihedrism  in  the  tetragonal  system 
ir[hk}i\.     It  is  common  on  apatite. 

2.  RiiOMBOUEDRAL  hemihedrism. — These  included 
here  are  hemiholohedral,  and  vertically  alternate.  They 
are  indicated  in  general  l^  K{hkl%\.  This  class  is  import- 
ant, since  it  embraces  the  EnoMBOHEDRAL  Division. 

(a)  lihombohedrons.  Symbol  K[Oh/ii\ ;  the  unit,  or 
fundamental  rhombohedron  (+i2,  f«  798)  has  the  symbol 
Kipiil],  including  the  tax  planes:  (01 11),  (1011), 
(1101),  (1011),  (ilOi),  (Olll).  The  negative  rhombohe- 
dron (-i?,  f.  799)  includes  the  planes:  (IlOl),  (0111), 

(loii),  (Oili),  (ioil),  (lioi). 

{b)  Scalenohedrons  (f.  800).     Symbol  K\hkli], 

3.  Gyro  ID  AL,  or  trapezohedral  hemihedrism. — The 
forms  here  included  are  holohemihedral,  and  vertically 
alternate.    They  are  indicated  by  k'  [hkli]  ,  see  p.  89. 

4.  Tetratohedrism. — This  may  be  ( 1 )  rhombohedral^ 
indicated  by  Kw[?ikH]  ;  or  (2)  traptaohedral  (gyroidal),  as  common  on  quartz,  having  the  gen- 
eral symbol  kk  \hkH\, 


Mathematical  Relations  of  the  Hexagonal  System. 

In  the  Hexagonal  System,  as  has  been  explained,  the  symbol  in  general  has  the  form 
[hkJi\,  where  the  algebraic  sum  of  A,  A,,  and  I  is  zero.  This  general  symbol  has  four  in- 
dices, referring  respectively  to  the  three  equal  lateral  axes  and  the  verucal  axis,  as  shown 
in  f.  792,  thus  showing  the  fundamental  hexagonal  symmetry  of  the  forms.  Since,  however, 
the  position  of  a  plane  is  known  by  its  intersection  with  three  axes  aione,  two  of  the  three 
indices  A,  A;,  I  are  all  that  are  needed  in  calculation,  the  third,  2,  being  a  function^  as  g^ven 
above,  of  A  and  k.  The  mathematical  relations  of  the  planes  in  this  system  are  brought  out  by 
referring  them  to  three  axes,  viz.,  two  equal  lateral  axes  H^  K^  (=  a  =  1)  oblique  (120°  and 
60^)  to  one  another,  and  a  third  axis  [c)  of  unequal  length  perpendicular  to  their  plane. 

This  applies  also  to  the  calculation  by  zonal  equations.  The  indices  (u,  v,  w)  of  the  zone 
in  which  the  planes  (AJUt),  {P9ft)  lie,  are  g^ven  by  the  scheme : 

h        k       i       h        k 

XXX 

p        q       t       p       g 

u  =  kt  —  gi     vs=ip  —  ht  w  =  hg  —  kp. 

(1)  The  distaaoes  (see  t.  793)  of  the  pole  of  any  plane  (hkU)  from  the  polei  of  the  planes 
(1010),  (OlIO),  (IlOO),  and  (0001)  are  given  by  the  foUowing  equations: 

*) 


COB  PA  =  008  (Akh-)  (1010)  =  ^3,,  ^  ^.  ^  ^ 


AM)' 


00.  PB  =  ooB  («*■)  (OlIO)  =  ^3.,  ^  ^^^^^%  ^  ^y 
coe  PM  =  00.  (WK)  (1100)  =  ^^^^^^-_^^. 
oo.PO=oo.(«*)(0001)=  ^^f.^t^^f%^^. 
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(2;  The  distanoe  (PQ)  between  the  poles  of  any  two  pUnes  {JUdi)  and  iPTrt)  is  gnma  hj  the 
eqoation : 

V  (ar*  -  4  :-<  /i'  -  if  -r  hJc)]  [3r  ^  4ir(  ;>»  -t-  ^  -r  py)]- 

^3)  For  Kpecial  canes  the  above  formala  becomes  simplified ;  it  serres  to  gi^e  the  Tafaie  of 
the  normal  anglers  for  the  several  forms  in  the  sjrstenL     They  are  as  fcdlowB : 

(a)  llezagonal  Pjramid  [CA/itJ,  f.  TDO, 

3i»  ^  2^v  4A*tf*  —  Si* 

00.  X  (termuml)  =  .^.^ --^- ;  co.  Z (b—l)  =  3,^^^,^ 

For  the  hexagcmal  pyramids  of  the  second  series  [(^42h2i]  the  an^es  have  the  same  valae. 
{b)  Dihezagonal  Pyramid  [hJcU]^ 

cos  X  see  f.  TUi)  =        ^    .  ' 

coa  Y  (see  f.  <97)  =  -— ^    ,- — ;— -4 

006  Z  (basal)         -  ^^^^  ^-,__^_^__^_. 

(c)  Dihexagonal  Priam  [hklO], 

_  ^     ...  A«  +  *•  -H  4A* 

^  ^  <"^^>        =  2(A^^^^^Ur 

COSY  (diagonal)  =  2^,^,^^,-^^^. 
((f)  Rhombohedron  /([OA/a*], 

cos  X  (termmal)  =  ^r.-^^^^^^,. 
{e)  Scalonohedron  K[?ikli], 

cos  X  (see  f.  800)  =  -3^.^^.^^.^^.^^) 

cos  Y  (see  f.  800;  =   ....  ,    ..^,.  ,  m  ,   ji/' 

cos  Z  (basal)         =  ^ .,  --^,^^^-  ^,-^^, 

(4)  Re^ationH  of  planes  in  a  zone. — The  general  equation  (3,  p.  404)  is  to  be  employed. 
For  thr  pyramidal  zones  passing  through  the  pole  (0001)  it  takes  a  simpler  form,  viz.  : 

A  __^__  i     tan  PC 
p  ~  g  ^  t  '  tan  QO* 
If  Q  =  (0111),  then: 

tanPO_  k 
tan  QO ""  7* 

Determination  of  the  axis  /-.—The  value  of  c  may  be  determined  from  anyone  of  the 
eqiiations  whioh  have  been  given.     The  following  are  simple  oases : 

tan  (AA  2A  20  (0001)  =  ^ . 
Also  tan  (OAAi)  (0001) .  sin  00«  =  ^,  or  tan  (0111)  (0001) .  nn  60'  =r  <J. 
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rv.  Orthorhombic   System. 

The  Orthorhoinbic  System  is  characterized  by  three  nneqiial  rectangular  axes,  c,  5,  df.* 
The  indices  A,  k,  I  may  be  either  plus  or  minus,  in  the  general  form  [fikl],  but  they  are  not 
exchangeable,  since  they  refer  to  axes  of  different  lengths.  This  general  symbol  then  embraces 
the  following  planes : 


(hkl 
(hk" 


§ 


(hkl) 
{hkT) 


m 

(JiJcT) 


As  different  values  are  given  to  A,  k^  I,  this  general  form  becomes  more  or  less  specialized. 
The  possible  forms  are  as  follows : 


1. 

2. 
8. 


5. 
«. 

7. 


f[k?d]-  h>k, 
-l  [hkl]  ;  h>k. 

[Okl]; 

[hOl]; 

HkhO]; 

UllOJ; 
[010]  ; 
[100]; 
[001]; 


h  =  k, 
k=:0. 
h  =  0, 
l  =  0,h>k, 
1  =  0,  h>k. 
h  =  k=l,l 
h  =  l  =  0. 
k  =  l  =  0, 
h  =  k  =  0. 


=  0. 


nh  \  dime 
b  ind  :mc 
I  :JL:  m^ 
cobidimc 
1} :  cod  :  mc 
!>',&:  CDC 
h  :  nd  :  cb6 
h  :_nd  :  oo  c 
cob  :  d  :  ao^ 
h  :_0D  d  :  Qoc 
cob  :  cod  :  6 


[m-n], 

[m-ii], 

[m]. 

[m-l], 

[m-i], 

[i-n]. 

[i-ii]. 

[I]' 
[*-i]. 

[Oh 


These  symbols  belong  to  the  various  distinct  forms  of  this  system,  as  follows : 

PinoGoids. — (a)  Basal  plane.  Symbol  [001],  including  the  two  planes  (001)  and  (001).  {b) 
Macropiimcoid.  Symbol  [010] ,  including  the  plane  (010),  and  (010)  opposite  to  it.  (c)  Brachy- 
pi/uicoid.     Symbol  [100],  including  the  planes  (100)  and  (100). 

Pri^ms.^{(t)  Unit  prism  (/).  Symbol  110,  including  four  planes,  (110),  (IlO),  (IIO),  (lIO). 
{h)  Macrodiagonal  and  brachydiag^nal 
prisms,  having  respectively  the  symbols 
\khO]  and  [hkXi],  if  A  is  greater  than  k. 
Thus  the  symbol  t-2  corresponds  to  [180], 
and»-2to[210]. 

Domes — (a)  Macrodiagonal,  or  macro- 
domes,  having  the  cfymbol  [Old  ] ;  and  {b) 
brachydiagoual,  or  hrachydames^  with  the 
symbol  \liOl\.  In  each  case  the  symbol 
embraces  four  similar  planes. 

Octahedrons  or  Pyramids. — The  symbol 
[h/U]  belongs  to  the  eight  planes  of  the 
unit  pyramids,  all  lying  in  the  zone 
between  the  unit  prism  [110],  and  the 
base  [001].  If  A  =  i  the  form  is  then  [111] 
and   the  eight  J)lane8  are :    (111)^  (111), 

(ill),  (111),  (HI),  (ill),  (iii),  (Hi). 

Of  the  general  pyramids  two  cases, are 
possible,  either  [khl]  or  [hkl],  when  h>k, 
these  correspond  respectively  to  the  prisms 
[k/iO]  and  [hkO].  They  are  the  macrodi- 
agonal and  brachydiagonal  pyramids  of 
Naumann  ;  thus  2-2{=2b:d:  2c)  is  [121], 
according  to  Miller,  and  2-2  (=  6  :  2i  :  2c)  ia  [211]. 

*  The  same  lettering  is  employed  here  as  in  the  early  part  of  this  work ;  it  differs  from  that 
of  Miller  in  that  with  him  a  is  the  maci'odiaffonal,  and  b  the  bra<^ydiagonal  axis.  Following 
the  method  of  the  other  systems,  the  maoropinaooid  should  have  the  symbol  (100),  and  the 
bracbypinacoid  (010),  like  the  clinopinacoid  of  the  Monoclinio  System.  It  is  considered  best 
at  present,  however,  to  follow  Miller,  as  his  notation  is  nearly  universally  accepted.  This, 
however,  makes  it  necessary  to  write  the  formidas  after  Naumann,  b  ma  :  mc,  etc.,  thus 
showing  that  the  letter  h  refers  to  the  asds  b,  contrary  to  the  usage  in  the  other  systems.  It 
is  to  be  noticed  also  that  the  front  plane,  as  the  crysWs  are  usually  drawn,  is  (010).  This  is, 
to  be  sure,  always  the  case  with  Miller,  but  other  authorities  make  the  same  plane  in  the 
monoclinic  and  triclinic  systems  (1(X)),  so  that  entire  uniformity  is  in  no.  case  possible. 
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For  the  figores  of  the  above-mentioned  f  ormB  see  pp.  42-44.  Their  relaticnui  will  be  under- 
stood from  an  examination  of  f.  801,  showing  the  projection  of  the  czysta]  in  f.  758,  p.  4(K3. 
It  will  be  seen  that  all  the  macrodiagonal  planes  lie  between  the  zonal  cirdea  (diameters) 
(110)  (001),  and  (010)  (001),  and  the  brachydiagonal  planes  between  (110)  (001)  and  (100)  (001). 

Mathematical  Rdations  of  the  Orthorhcmibic  System, 

(1)  For  the  distance  between  the  pole  of  any  plane  P(AA:Q  and  the  pinacoid  planes  we  have 
in  general : 

ooe«  PA  =  cos  {hid)  (100)  =  v^rs — ^^ — jtzm 

P6'e» 

00»'  PC    =   COe  (^    (001)    =   ^,^,^,    ^   ^,y^.   ^  ^^,y 

___       ha       -»-—-,        he         _»--„ 
Furthermore :  cot  PX  =  -77-  cos  PXY   =  -z^  cos  PXZ. 

Ko  to 

(2)  For  the  distance  (PQ)  between  the  poles  of  any  two  planes  {hkt)  and  (pgr) : 

-^  hpa^c^  -h  kgb^e*  -H  Ira^b* 

008  PQ  =      :^  ^ 


(8)  For  planes  lying  in  a  zone,  the  general  relation  (p.  404)  is  to  be  employed.     For  the 
special  oases,  practicaily  of  most  importance,  the  simplified  equations  which  follow  are  used. 
(4)  To  determine  the  lengths  of  the  axes,  the  general  equation  may  be  employed : 

b  ^4  '  d  __  c  _  _ 
-=-  cos  PA  =  ~  cos  PB  =  -=-  cos  PC. 
h  k  I 

Here  PA,  PB,  PC  are  the  distances  from  the  pole  of  any  plane  (hkl)  to  the  pinacoid  planes 
(100),  (010),  (001)  respectively.     The  brachydiagonal  axis,  (2,  is  made  the  unit. 

If  the  angle  between  any  dome  or  pritmi  and  the  adjoining  pinacoid  plane  is  given,  the  rela- 
tions follow  immediately : 

Ik 
tan  PA  =  tan  {hkO)  (100)  =  -rr 

un 

tan  PB  =  tan  (OW)  (010)  =  ^ 

ch 
tan  PC  =  tan  (hOt)  (001)  =  -^ 


V.  MoNocLiNic  System. 

In  the  Monodinic  System  there  are  three  unequal  axes,  and  one  of  these  makes  an  oblique 

angle  with  a  second.     The  axes  are  lettered  as  shown  in  f.  802, 
g^n  ^  is  vertical,  b  the  orthodiagonal  axis,  and  d  the  clinodiagonai 

axis  oblique  to  c,  but  at  right  angles  to  b.  The  symbol  [hJd] 
embraces  only  four  similar  planes  in  the  most  general  case,  for 
in  consequence  of  the  obliquity  of  one  of  the  axes,  the  quadrants 
above  in  front  correspond  alone  to  those  below  and  behind,  and 
those  above  behind  correspond  to  those  below  in  front.  This  is 
seen  clearly  in  the  projection  of  f.  803.  For  ±h,  ±k,  ±1  the 
i^mbol  [/ikl]  includes  tioo  distinct  forms,  viz. : 

(1)       (hkl)  '{hX't,  (hkl)  (^Z) 

and      (2)       (hkl)  {hJi^  {hkt)  {hhl) 

The  various  forms  are  as  follows: 
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Pinacoids.^BoBB  [001].     Orthopinacoid  [100], 
oouise,  comprehending  two  planes  only. 

808 


Glinopinacoid  [010].     Each  symbol,  of 


804 


Grocoite. 


Prisms.— :(a)  Unit  prism  [110],  =  d  :  4  :  oo<i  (/)  of  Naumann.  This  symbol  embraces  four 
similar  prismatic  planes,  (b)  Orthodiagonal  prisms  {hM})\^  where  h  >  k,  the  poles  of  these 
prisms  fall  on  the  prismatic  zonal  circle  between  100  and  110  (see  f.  803).  They  correspond 
to  the  prisms  i-n  {z=d:  nb  :  oo<))  of  Naumann.  (c)  Glinodiagonal  prisms.  Symbol  [k/tO], 
h  >  ky  lying  between  (110)  and  (010).     They  correspond  to  i-h  (=nd  :  b  :  ccc)  ot  Naumann. 

J)t>?ne^. — {a)  Hemi-orthodomes,  including  two  cases,  (101)  and  (lOl),  the  minus  domes  of 
Naumann  (opposite  the  obtuse  angle) ;  and  also  (101)  and  (101)),  the  i)lus  domes  of  Naumann 
(opposite  the  acute  angle  fi).  {b)  Glinodomes.  Symbol  [Okl\,  embracing  four  similar  planes 
{Okl)(OkD,  (Okl),  (Ok?).  The  clinodome  [Oil],  equivalent  to  l-i  {=ood  :  b  :  nu),  is  one  case 
in  this  form. 

PyrrtWMf^.— The  pyramids  are  all  hemi-pyramids.  (a)  The  symbol  [Iihl]  includes  the  unit 
pyramids  in  a  zone  between  [110]  and  [001].  {b)  The  symbol  [hkl]  includes  two  sets  of  hemi- 
pyramids,  whose  indices  have  been  given  on  p.  416,  corresponding  respectively  to  —  P  and 
-t-P  of  Naumann. 

If  ^  is  greater  than  k  these  are  orthodiagonal  pyramids,  corresponding  to  ±{(l  i  nb  icc  c)  of 
Naumanu.  The  symbol  [khl\  on  the  same  supposition  includes  two  sets  of  planes,  like  those 
of  p.  41G,  and  differing  only  in  being  diiiodiagoiuU  ;  equivalent  to  (7u2  :  6  :  a>  c)  of  Naumann. 

The  orthodiagonal  planes  lie  between  the  zone  (100),  (001)  and  (110),  (001),  while  theclino- 
diagonal  are  between  the  latter  zone  and  (010)  (001),  as  is  seen  on  f.  803,  which  gives  the 
projection  for  f.  804. 


Maihematioal  Bdati<ms  for  the  Ifanodinic  System, 

(1)  The  distances  of  the  pole  of  any  plane  {hJd)  from  the  pinacoid  planes  are  given  by  the 
following  equations : 


COS 


—         A2.A  inn    —     //ftg  -i-  to^  cos  i8 

PA  =  COS  {Md)  (      )  - ^_____-.__^  ^_^^_^^__^____  ; 

, , ..    ^-  ^  ^c  sin  fi 

coe  PB  =  COS  (;i*0  (010)  =  /.^rr  , "m  nr  »  €a-    »  ^k, — ni;;  m      — b  *   ' 

^^  , ,  ^    ^^-  lab  ■{■  hbc  QOR  3 

COS  PG  =  093  (Md)  (001)  =  /i->»^     I..  »  9  ^  .  ^      »  .1..—  01^/  A»     ~;  • 
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(2)  The  distanoe  between  any  two  planes  may  be  expressed  in  geneial  form,  but  in  all 
practically  arising  cases  the  end  can  be  attained  by  the  solation  of  one  or  more  sphezioal  tri- 
angles on  the  projection. 

(3)  For  the  relation  between  the  planes  in  a  zone  the  general  equation  before  given  holds 
good : 

cot  PS  -  cot  PR  __  (PQ) .  (SR) 
cot  PQ  -  cot  PR  ""  (QR) .  (PS)* 

(4)  For  all  zones  passing  through  the  clinopinacoid  (010),  the  value  of  PR  may  be  taken  as 
90**,  and  the  above  equation  consequently  simplified : 

h  _k_      tanPB_J[^ 
p  ~~  q  '     tain  QB  "~  r  ' 

This  equation  is  especially  valuable  for  determining  the  indices  of  planes  in  the  prismatic 
and  clinodome  series. 

(5)  To  determine  the  axial  relations  the  general  equation  admits  of  being  transformed  so  as 
to  read: 

h  sm  P  YA  __  _p  sinQYA  _  a_ 

T  •       rii  PYC  "  r  '       sin  QYC  ~  T  » 

k  sinPYA  __  q^         sinQYA  _   b^ 

^^  J'         cot  PY  ~  T  •         cot  QY  ~   c ' 

The  angles  PYA,  PYO  are  angles  which  may  be  calculated  directly  by  spherical  triangles 
from  the  measured  angles.  Similarly  for  QYA,  QYC.  PY  and  QY  are  the  angles  between 
the  given  plane  P  or  Q  with  the  clinopinacoid. 


VL  Triclinic  System. 

In  the  Triclinic  System,  since  the  axes  are  unequal  and  all  mutually  oblique,  there  can  be 
no  plane  of  symmetry,  and  there  can  in  no  case  be  more  than  two  planes  included  in  a  single 
form.  The  three  axes  are  distinguished  as  a  vertical,  t-,  a  longer  lateral,  or  macrodiagonal 
axis,  hf  and  a  shorter  lateral,  or  brachydiagonal  axis,  d.  The  position  assumed  for  the  axes 
is  shown  in  f.  259,  p.  80. 

The  general  symbol  [hkl] ,  which  includes  eight  similar  planes  in  the  orthorhombio  system, 
is  here  resolved  into  four  independent  forms,  embracing  two  opposite  planes  only.  They 
are  thus: 

a)i^       (^)S      (»)iS       (^)S 

These  correspond  respectively  to  mP'n  (1),  m"Pn  (2),  mV,n  (3),  m^Pn  (4)  of  Naumanji,  ot 
^m-n',  — m-n,  m-n\  m-n,  as  the  abbreviated  symbols  are  written  in  the  earlier  part  of  this 
work. 

Contrary  to  the  usage  in  the  orthorhombio  system,  it  is  customary  to  make  [100]  the 
macropinacoid  {i-l  =  d  :  coh  :  ooc),  and  [010]  the  brachypinacoid  {i-i  =  cod  :  b  :  ooc).  Planes 
having  the  symbol  [hOt]  are  then  macrodomes ;  and  those  of  t^e  symbol  [OibTj  are  brachy- 
domes.  Similarly  then  pyramids  {h  >  k)  of  the  form  [7ild]  are  macrodiagonal  planes,  and 
those  of  the  form  {hkl)  are  brachydia£[onal  planes.  The  unit  prism  consists  of  two  independent 
forms  (110),  (IlO)  (I'=odP/),  and  (110),  (110)  (I  =oo  ',P). 

MaihemaUcal  Rdatians  of  the  TrieUnic  Syitem. 

In  consequence  of  the  obliquity  of  the  axes  in  the  Triclinic  System  the  mathematical  rela- 
tions are  less  simple,  aud  the  general  equations  deduced  as  before  become  so  complicated  as 
to  be  seldom  of  much  practical  value.  Most  problems  which  arise  may  be  solved  by  the  zonal 
relations,  or  by  the  solution  of  the  spherical  triangles  in  the  projection.  Some  of  the  most 
important  relations  (given  by  Schrauf)  are  as  follows: 


hilleb's  system  of  obtstalloobafhy. 
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If  the  angle  between  the  axes  X  and  Z  =  i;,  between  X  and  Y  =  Ci  and  between  Y  and  Z 
=  {  (see  £.  759) ;  if  also  a,  /3,  7  are  the  coiresponding  angles  between  the  pinacoid  planes — 
then: 


ooe{  = 

and 
where 


cos  fi  cos  y  —  cos  a 
sin  fi  sin  y 

cos«  PX  =  - 


cosiy  = 


cos  y  cos  a  —  cos  /8 


C08«PY  = 


Bin  y  sin  a 
AJ»a»c«  Ai 


cosf  = 


cos*  PZ  = 


COB  $  COS  g  —  0067 
sinasiniS 

^a»6«  A, 


Mi        •        ~         Mi        •  Mi 

At  =  [l+2oosocoBi8co87—  (cos*  a  H-  cos*  fi  +  cos'  7)]. 

M,  =  h^b^c^  8in»  o  +  *-a  V  sin'  fi  +  Pa^b^  sin«  7  +  %ahe  («6  cos  i3  sin  o  sin  7 
-h  AA:tf  COB  7  sin  a  sin  i9  +  kta  cos  a  sin  iS  sin  7). 


Also 


oob' AX  = 


A, 


sin*  a  ' 


cos  BY  = 


A, 


8in»i3  ' 


cosGZ  = 


Ax 


sin*  7 


When  PX,  PY,  PZ  have  been  found  by  calculation,  then  the  following  equation  gives  the 
relation  of  tiie  axes : 

<*         ■n.w       b         ^„       0         _„ 
1^  coe  PX  =  -7-  cos  PY  =  —  cos  PZ. 


As  seen  in  f .  805. 

cos  PX  =  sin  PBC  sin  PB  =  sin  PCB  sin  PC ; 
008  PY  =  sin  POA  sin  PC  =  sin  PAC  sin  PA ; 
cos  PZ  =  sin  PAB  sinPA  =  sin  PBA  sin  PB; 
and  also  from  these  it  follows  that — 
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-?-  sin  PAC  =  -f  sin  PAB  ; 
4- Bin  PBA  =  4- sin  PBC  ; 


-r  sm  PCB  =  —  sin  PCA. 


^  =  180°  -  CAB  ; 


If  =  180*»  -  ABO  ; 


f  =  180'  -  AOB. 


Relations  of  the  Six  Cbtbtalline  Systems  in  Respect  to  Stmmetbt. 

From  a  careful  study  of  the  spherical  projections  for  the  successive  systems  a  very  dear 
idea  may  be  obtained  of  the  degree  of  symmetry  which  characterizes  each.  It  is  well  under- 
stood that  in  the  Isometric  System  there  are  nine  planes  of  symmetry ;  in  the  Tetragonal, 
flve;  in  the  Hexagonal,  Mten  ;  in  the  Orthorhombic,  three;  and  in  the  Monoclinic  only  one. 
These  relations  are  shown  on  the  projections  by  the  symmetrical  distribution  of  the  poles  about 
the  respective  great  drdea     These  zone-circles  of  symmetry  are  as  follows  : 

Isometric  System  (f .  706) :  1st,  the  three  diametral  zones : 

1.     (100),  (010),  (iOO).  2.     (100),  (001),  (lOO). 

Also  the  diagonal  zones : 

4.     (110),  (001),  (iiO). 
6.    (110),  (001),  (110). 

Tetraffonal  System  (f .  790) : 

1.    (100),  (010),  (IOO). 
Also  : 

4.   (110),  (001),  (iiO).         5.  (liO),  (001),  (iio). 


6.  (100),  (Oil),  (TOO). 

7.  (100),  (Oil),  (IOO). 

2.     (100),  (001),  (IOO). 


8.    (010),  (001),  (OlO). 


8.  (010),  (101),  (010). 

9.  (010),  (101),  (010). 


8.    (010),  (001),  (OiOX 
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n(t  793)1 
1.  tlOIO),  {0001),  (lOlO). 
4.    (llSO),  (0001),  (1120). 

OrOmhombie  SyUem  (I.  801) : 

1.     (100),  (010),  (TOO). 
Momdink  Syttan  (f.  804) : 

In  the  Triolisio  SyBtem  there  is  no  plane  of  ajmrneti;. 


3.    (OlTO).  (0001),  (OllO). 
0.    (I3l0),  (0001),  (1310). 

7.  (loio),  (OiiO),  (lioo). 


2.     (100),  (001),  (TOO). 


(100).  (001),  (ioo). 


8.    (010),  (001),  (OlO). 
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The  following  projeotion  (f. 


Older  to  show  the  relation  of  Qie  forma  in  the 
Hei^onal  and  Rbombohedral  STstems  u 
Teferred  to  the  three  equal  obliqne  axM  ti 
Miller.     The  fornii  are  m  foUowe  ; 

The  planeB  having  the  indices  (100), 
(010),  (001)  are  those  of  the  (ploa)  fnnda- 
tneDtal  rbombobedron,  while  the  plane 
(1 11)  is  the  base.  The  planea  (331).  (1811. 
(123)  are  those  of  the  minne  fondametital 
Thombobedron ;  with  the  plimea  (100), 
(010),  (OOt)  they  form  the  nnit  hezag<»al 
pyramid. 

The  hexagonal  unit  prism  (/=  [OlTO)) 
hoetheajmbola:  (3li).  (lil),  (112),  (211), 
(151),  (113).  Tbe  second,  or  diagonal  beia- 
gnnal  prism  (f-3=  [1 '^D  lias  the  aymbiA: 
(101).  (I'O).  (Oil),  (iOl),  (ilO).  (Oil). 

The  dihcin^nal  pyramid  embiBoea, 
like  the  simple  hexagonal  pyramid,  two 
forma,  \hkl\  and  [efg] ;  the  symbol  [hU] 
hence  belongs  to  the  plus  acalenohedron, 
and  [efg\  to  the  minns.  In  this  aa  in  other 
canes  it  ia  true  that :  e=  —  A+2ft  +  2I, 
/  =  2A-A  +  S(.^  =  2A  +  3A-i. 

The  dibeiagonal  prism  incladea  the  six 
planes  of  the  form  |/iitO| ,  and  the  renuia- 


Tux  of  the  form  [efQ]. 
oat  of  the  proUems  arising  nnder  this  eyatem  can  be  solred  by  the 
by  the  working  ont  of  the  spherical  triangles  on  the  aphi 


le  eqnataona,  v 


APPENDIX    B. 


ON  THE  DRAWING  OF  FIGURES  OF  CRYSTALS. 


In  the  projection  of  crystals,  the  eye  is  supposed  to  be  at  an  infinite  distance,  so  that  the 
rays  of  light  fall  from  it  on  the  crystal  in  parallel  lines.  The  plane  on  which  the  crystal  is 
projected  is  termed  the  plane  of  projection.  This  plane  may  be  at  rig?it  angles  to  the  ver- 
tical axis,  may  pass  t/irough  the  vertical  axis,  or  may  intersect  it  at  an  obUgiie  angle.  These 
different  positions  give  rise,  respectively,  to  ibhe  horizontal,  vertical,  and  oblique  pro- 
jectiona  The  rays  of  light  may  fall  pei^pencUculaTly  on  the  plane  of  projection,  or  may  be 
obliquely  inclined  to  it ;  in  the  former  case  the  projection  is  termed  orthographic,  in  the 
second  clinograpiiic.  In  the  horizontal  position  of  the  plane  of  projection,  the  projection 
is  always  orthographic.  In  the  other  positions,  it  may  be  either  orthographic  or  clinographic. 
It  is  generally  preferable  to  employ  the  vertical  position  and  clinographic  projection,  and  this 
method  is  elucidated  in  the  following  pages. 
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Projbction  of  the  Axes. 

The  projection  of  the  axes  of  a  crystal  is  the  first  step  preliminary  to  the  projection  of  the 
form  of  the  crystal  itself.  The  projection  of  the  axes  in  the  isometric  system,  which  are 
equal  and  intersect  at  right  angles,  is  here  first  given.  The  projection  of  the  axes  in  the  other 
systems,  with  the  exception  of  the  hexagonal,  may  be  obtamed  by  varying  the  lengths  of  the 
projected  isometric  axes,  and  also,  when  oblique,  their  inclinations,  as  shown  beyond. 

Isometric  System. — When  the  eye  is  directly  in  front  of  a  face  of  a  cube,  neither  the  sides 
nor  top  of  the  crystal  are  visible,  nor  the  planes  that  may  be 
situated  on  the  intermediate  edges.  On  turning  the  crystal 
a  few  degrees  from  right  to  left,  a  side  lateral  plane  is  brought 
in  view,  and  by  elevating  the  eye  slightly,  the  terminal  plane 
becomes  apparent.  In  the  following  demonstration,  the 
angle  of  revolution  is  designated  8,  and  the  angle  of  the  ele- 
vation of  the  eye,  c.  Fig.  807  represents  the  normal  position 
of  the  horizontal  axes,  supposing  the  eye  to  be  in  the  direc- 
tion of  the  axis  BB  ;  BB  is  seen  as  a  mere  point,  while  CG 
appears  of  its  actual  length.  On  revolving  the  whole  through 
a  number  of  degfrees  equal  to  BMB'  (8)  the  axes  have  the 
position  exhibited  in  the  dotted  lines.  The  projection  of*  the 
semiaxis  MB  is  now  lengthened  to  MN,  and  that  of  the  semi- 
axis  MC  is  shortened  to  MH. 

If  the  eye  be  elevated  (at  any  angle,  t),  the  lines  B'N,  BM, 
and  C'H  will  be  projected  respectively  below  N,  M,  and  H, 
and  the  lengths  of  these  projections  (which  we  may  designate  5'N,  5M,  and  e'll)  will  be  di- 
rectly proportional  to  the  lengths  of  the  lines  B  N,  BM,  and  C'H. 

It  is  usual  to  adopt  such  a  revolution  and  such  an  elevation  of  the  eye  as  may  be  expressed 
by  a  simple  Iratio  between  the  projected  axea  The  ratio  between  the  two  axes,  MN  :  MH, 
as  projected  after  the  revolution,  is  designated  by  1  :  r :  and  the  ratio  of  6'N  to  MN  by  1  :  «. 
Suppose  r  to  equal  3  and  $  to  equal  2,  then  proceed  as  zoliowB : 


Dnw  two  Uhm  AA',  H'H  (1  808},  inteisectiiig  one  another  at  right  utglea.    Ibke  MH  = 

g^  MO'  =  b.     Divide  HH'  into  3  (r)  parte,  and  throogfa  the 

points,  N,  N',  thua  determiaed,  draw  perpendionlan  to 

HB .     On  the  left  hand  vertical,  set  olF,  below  H,  a 


part  H'R,  equal  ti 


g  UH;  and IromB draw BX, 
Bia  thepro- 


and  extend  the  mme  to  the  Tertical  If '. 
jevUon  of  the  fronc  horJinntAl  aida. 

Draw  BS  luuall^l  witJi  HH  and  oonneot  SU.  From 
the  point  T  in  which  SU  intersects  BX,  draw  TC  par- 
allel with  MH.  A  line  (CC)  drawn  from  G  tluroogh  H, 
and  extended  to  the  left  vertical,  is  the  projection  of  the 
side  horizontal  axis. 

Laj  off  on  the  right  Tertical,  a  part  HQ  eqoal   to 


-HH,  and  toake  HA  =  UA'  = 


HQ ;   AA'  la  the  vertioal 
t  =  2.  thm  (  =  IB'  2K, 


is.     II.  as  here,  r  =  3.  and 
"■  and  t  =  0   38',  Tor  oot  I  =  r,  a 

Tetragonai  an4  OrtAorhombie-  Sytem*.— T:\ie  sieu  AA'.  CC .  BE.  construci^d  in  the  manner 
described,  are  eqnal  and  at  right  anj^les  to  each  other.  The  projection  of  the  axes  of  a  tetra- 
gonal crystal  is  obtained  bj  simply  laytufr  oS,  with  a  scale  of  proportional  partii,  on  HA  and 
HA'  taken  as  nnits,  the  vaJne  of  the  vertical  axis  {r)  for  the  given  species.  Thm  lor  liraon, 
where  e  =  -64,  we  mast  laj  off  ■64  of  MA  aljoye  M  and  thp  same  length  l>elow. 

For  an  orthorhombio  crystal,  where  the  three  axes  are  uneqnal.  the  length  of  o  mntt  ai 

before  be  laid  off  above  and  below  from  H,  and  that  of  £  to  the  right  and  l^t  of  H,  on  CC', 

lie  being  taken  as  the  unit.     It  is  uhubI  to  muke  the  front  axis  MB  ^  <!  =  1. 

Moitoaiaie  Sj/iUm — The  axes  c  and  d  in  the  m onocl in ic  system  are  inclined  to  oneanoUiar 

at  an  oliliqe  angle  =  B.     To  project  this  inclination,  and 

""*  thus  adupt  the  isometric  axes  to  a  monoolinia  form,  laj 

off  (f.  K0»)  on  the  axis  HA,  Un  =  UA  ooa  8,  and  <n  tba 

axis  BB'  (before  or  behind  H,  according  an  the  inolinatiDn 

of  d  on  ,',  in  front,  is  acnte  or  obtuse)  Kb  =  HB  x  nn  A 

From  the  points  b  and  a,  draw  lines  parallel  respeotivd; 

with  the  axes  AA'  and  Bit .  and  from  their  interasotion 

D ,  draw  through  H,  D'D,  making  HD  =  HD'.     The  line 

DD'  is  the  cUnodiagonal,  and  the  lines  AA,  CC,  DD'  le- 

present  the  axes  in  a  monoclinic  solid  in  which  a  ^  b  =  e 

=  1.     The  points  a  and  b  and  the  position  of  the  axis 

DD'  will  vary  with  the  angle  $.     The  relative  Talnea  of 

the  axes  may  be  given  them  as  above  explained :  that  ia, 

if  d  =  1,  lay  off  in  the  direction  of  HA  and  HA'  » line 

equal  to  c,  and  in  the  direction  of  MC  and  HO'  a  Una 

equal  t<i  b,  etc. 

Tridiitie  agiiUnt. — The  vertical  sectiona  throng^  th« 
horiKHttal  axes  in  the  triolinie  system  are  obliquely  in- 
clined ;  also  the  inclination  of  the  axis  n  («  each  axis  t 
n  of  the  isometric  axes  to  the  triclinic  forms,  it  ia  ihers- 
lore  oeceBBSjy,  in  the  flint  place,  to  give  the  requisite 
obliquity  to  the  mutual  inclination  of  the  vertioal  seo- 
tions,  and  alt«rwards  to  adapt  the  horizontal  axes.  Tlw 
inclination  of  these  sections  we  may  designate  A,  and  tl 
heretofore,  the  angle  butweeu  u  and  b,  y,  and  a  and  e,  $. 
BB'  is  the  analogue  of  the  bracbydiBgoiial,  and  CC  of  the 
macrodiagonnJ.  An  oblique  inclination  may  tie  given  the 
vertioal  sectiuns.  by  varying  the  position  of  either  of 
these  sections.  Permitting  the  brachydiagona]  aeotion 
ABA  B'  to  remain  unaltered,  we  may  vary  the  other  sao- 
tion  ns  follows; 

Lay  off  If.  810)  on  MB,  Ufr  =  MB  x  oca  A,  and  on  Iha 
axis  C  C  (to  the  right  or  left  of  M,  aooording  m  the 
acnte  angle  A  is  to  the  right  or  left),  Me  =  HG  x  ein  A ; 
completing  the  parallelogram  Mi  De,  and  drawing  the 
diagonal  MD,  extending  the  same  to  D'  so  aa  to  make 
HD  =^  UD,  we  obtain  the  line  DD' i  the  vertical  Motim 


If 

^^" 

a/ 

T^ 

^  '  V '- 

\ 

V 
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paning  tbroogh  this  line  is  the  oorrect  tnacTodiagonal  gection.  Tho  inclination  of  n  to  the 
new  mocrodiogonnl  DD'  U  etill  »  right  angle  ;  as  also  tlie  inclination  of  'i  to  A,  their  obUqne 
inclinationB  ma;  be  given  them  as  followa :  Lay  off  on  MA  (f.  tJOO),  Ma  =  HA  x  cos  3,  and 
on  the  aiis  BB'  (bracby diagonal),  Mi  —  MB'  k  tin  3.  By  completing  the  poiallelogfam  Mu, 
E'6,  the  point  £'  is  determined.  Make  M£  =  ME1;  EE  ia  the  projucted  brachy diagonal. 
Again  lay  off  on  MA,  Mii'=  MA  x  ooa  a.  and  on  MD',  to  the  left.  Mti  =  MD  x  gin  t  Draw 
lines  from  a'  and  d  paiallel  to  MD  and  MA  ;  F',  the  intergcctioii  of  these  lines,  if  one  extremity 
of  the  macTodiagonal ;  and  the  line  FF'.  in  which  MF  =  MF',  is  the  macrodingonal.  The 
vertical  aiis  AA  and  the  horizontal  axes  EE  (brachy diagonal j  and  FF'  (macTodiagonal)  thni 
obtained,  are  the  axee  in  a  triolinic  form,  in  which  a  =  b  =  c^l.  Difierent  values  nu>f  b« 
given  these  axes,  according  to  the  method  heretofore  illnstra[«d. 

Haengonal  Syium. — In  this  system  there  aie  three  equal  homontal  axes,  at  light  aisles  to 
the  vertical  axia.     The  normal  position  of  the  horizontal 
axes  is  represented  in  f.  811.     The  eye,  placed  in  the  811 

line  of  the  axis  TY,  abserves  two  of  the  semiBieH,  UZ 
and  UU,  projected  in  the  same  straight  line,  while  the 
third.  MY,  appears  a.  mere  point.  To  give  tho  axes  a 
more  eligible  position  for  a  representation  of  the  various 
ptanea  on  the  solid,  ne  revolve  them  from  right  to  left 
thiongh  a  certain  nambrr  of  decrees  ),  and  elevate  the 
eye  at  an  angle  <.  The  dotted  lines  in  the  figure  repre- 
aent  the  axEs  in  their  new  situation,  resulting  from  a 
revolution  thtougli  a  number  of  degrees  ecjual  tot  = 
YIIY'.  In  this  position  the  axis  MY  is  projeotcd  upon 
MP,  MU'  npon  MN,  and  HZ'  on  MU.  Dee  giiatinpr  the 
intermediate  oiia  1,  that  to  the  right  II,  that  to  Ihe  left 
III.  if  the  revolution  is  suoh  as  to  give  the  projections 
of  I  and  II  the  ratio  of  1  :  ^,  the  relations  of  Ihe  three 
projeotirns  will  be  as  follows ;  I  :  II  :  III  =  1  :  2  :  3. 

Let  ns  take  r  (=  PM  ;  HM)  equal  to  3,  and  «  <=  A'P  : 
PH)  equal  to  2,  these  being  the  moet  convenient  ratios  for 
lepresenting  the  hexagonal  crystalline  forma.     The  foUoiring  will  be  the  mode  of  constmo- 

1.  Draw  the  lines  AA,  HH  (f.  813)  at  right  angles  with,  and  biaeoting,  each  other.  Let 
HH  ^  A,  or  HH  ~.  %l>.  Divldtt  HH  into  six  parts  by  vertiaal  lines.  These  lines.  Including 
the  left-  and  right-hand  verticals,  may  be  numbered  from  one  to  aii,  as  in  the  flgnre.  In  tbO 
Srat  veitical,  l«Iow  H,  lay  off  H8  =:  \b.  and  from  8  draw  a  line  through  H  to  the  fourth 
vertical.     YY'  is  the  projection  of  the  axis  I. 

2.  From  Y  draw  a  line  to  the  sixth  vertical  and  parallel  wltb  HH.  From  T,  the  extremity 
of  thin  line,  draw  a  line  to  N  in  (he  second  verticoL 

Then  from  the  point  tJ,  in  which  TN  intersects  the  812 

fifth  vertical,  draw  a  line  through  M  to  the  seoond  " 

vertical ;   UU'  is  Che  projection  of  the  axis  II, 

3.  From  R,  where  TN  intersect*  the  third  verti- 
cal, draw  RZ  to  the  Sist  vertical  parallel  with  HH. 
Then  from  Z  draw  a  line  through  M  (o  the  sixth 
vertical:  this  line  ZZ'  ia  the  projection  of  the  axis 
lU. 

4.  For  the  vertical  ails,  lay  off  from  'S  on  the  sec- 
ond vertical  it.  812)  a  line  of  any  length,  and  oon- 
stcnct  npon  this  line  an  equilsteml  triangle  ;  one  side 
(NQi  of  this  triangle  will  intersect  the  first  vertical 
St  a  distance,  HV,  from  H,  corresponding  to  Z  H  in 
f.  81 1 ;  for  in  the  trUngle  NHV,  the  angle  HNV  is 
an  angle  of  90°,  and  HN  =  ^MH.  MV  is  tberefon 
the  radius  of  the  circle  (f.  811),  Make  therefore 
MA  =  MA'=  MV  i  AA'  is  the  vertical  axis,  and  YY', 
UU',  ZZ'  are  the  projected  horizontal  axes. 

The  vertical  axis  has  been  constructed  equal  to  the  horizontal  axes.  Its  actnol  length  In 
different  hexagonal  or  rhombobedral  forms  may  be  laid  off  according  to  the  method  sufficiently 
explained. 

The  projection  of  the  isometric  and  hexagonal  axes,  having  been  once  occtimd^  made,  and 
that  on  a  conveniently  large  soale,  may  be  kept  on  a  piece  of  oardboard,  and  will  then  answer 
alt  subsequent  requiremeuts.  Whenever  needed  for  nse,  these  axes  may  be  triuisfurred  to  a 
■heet  of  paper,  and  thenadapted  in  length,  or  indinatioa,  or  both,  to  Uie  ease  in  hand. 
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Pbojkction  of  teb  Forms  or  Crybtaia 

1.  Simple  form*. — When  liie  axisl  croaa  hw  been  aonstnicted  for  the  given  tpedM,  the  unit 
ocUhedcon  is  obtained  at  oaoe  by  joining  Um 
818  extremiliea  of  the  aiei,  AA',  BB',  CC'.  u  in 

f.  61^.  Here  as  in  all  oasea  the  line*  which 
fall  in  front  are  drawn  Btronglj,  while  tLoin 
behind  are  Bimply  dotted. 

For  the  dmm^ral  pritiru  draw  thronf^h  B, 
B',  G.  C,  of  the  projected  axea  of  aaj  apedea, 
tinea  parallel  to  the  axes  BB',  CC,  until  l^ey 
meet;    they  make   the  paTollelognun,   abed, 

!__,-  which  is  B,  tranaverBe  section  of  the  priani.  pM- 

^i;;^\^-~^,^  tJ^\\^ 1^'  ^'b1   to   the    hase.      Throngh  u,  ft,  e.  d  draw 

^  X'^^^w'*^^^^---^--— --!-'/  lines  parallel  and  equal  to  the  Tertical  axia, 

maiuDg  the  parte  above  and  below  these  points 
equal  to  the  vertical  Hemiaiis.  Then,  coDueot 
the  eitreniitJCB  of  thexe  lines  by  lines  pnralM 
to  ab.  be,  at,  da.  and  the  figure  will  be  that  of 
the  diametral  prism,  corresponding  to  the  azM 
projected. 

In  the  case  of  the  isometric  system  tUs  dia- 
metral prism  is  the  cube,  whose  faces  are  represented  by  the  letter  //;  in  the  tetragonal 
i^stemit  is  the  prism  0.  i-i;  In  the  orthorhombic.  the  prism  0,  i-i,  i-l ;  in  the  monocUnic,  the 
prism  O,  i-i.  i-i  ;  in  the  tridiuic,  0,  i-i,  i-i. 

The  unit  zertieal  pritm  in  the  tetragonal,  orthorhombic.  and  cllnomctnc  systems  may  be 
projected  by  drawing  lines  parallel  to  (be  vertical  axis  AA'  through  B,  C.  B .  C ,  making  the 
parts  above  and  below  th«ie  poiuta  eqoal  to  the  vertical  semlaxie;  and  then  connecting  the 
extremities  of  these  lines  by  lines  parallel  to  BC,  CB',  B'C ,  C  B.  The  plane  BCB  C  ia  a 
transverse  section  of  such  a  prism  parallel  to  its  base.  It  is  the  priiun  0,  I,  in  each  of  Uie 
systems  excepting  the  triclinic,  and  in  that  0,7,/';  as^fifrrprinminthetetj^agonalBystem; 
a  r^At  rAomAte  in  the  orthorhombic;  an  vMi'^utWiornAii;  in  the  mouoclinio;  an  oblique  rbom- 
boidal  in  the  triclinic. 

Other  simple  forms  nnder  the  different  systems  are  cooBtmcted  in  essentially  the  same  waj. 
It  is  only  necessary  to  lay  down  upon  the  axes  each  plane  of  the  form,  in  lightiy  drawn  liuM, 


note  the  points  where  it  interaeol*  the  adjoining  planes,  and  draw  these  in  more  strongly. 
When  the  process  is  complete  the  construction  lines  may  be  erased.  The  process  will  be 
itlnstrated  by  f .  814  and  f.  SIS.  In  the  former  case  it  is  leqoired  t6  draw  the  trigonal  tnMO- 
tahedroD,  whose  symbol  is  2. 
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In  f.  814  the  three  planes  of  the  first  octant  are  represented,  they  are  2  :1  : 1,  1  :  2  : 1, 
and  1:1:2.  It  will  be  seen  here,  what  is  always  true,  that  the  two  points  of  intersection 
required  to  determine  the  line  of  intersection,  He  in  Vie  axial  phnes.  These  lines  of  intersec- 
tion are  represented  by  the  dotted  lines  in  f.  814.  If  the  same  pit>ce8S  be  performed  for  the 
other  octants,  the  complete  form,  as  in  f .  816,  will  be  obtained. 

Similarly  in  f.  81 5«  the  octagonal  pyramid  1-2  is  constructed ;  the  figure  shows  the  planes 
of  one  octant  only,  c  :  2a  :  a,  and  c  \  a  '.2a,  and  the  dotted  line  gives  their  lii^e  of  intersec- 
tion. Garry  out  tiie  same  plane  of  construction  in  the  other  octants,  and  the  form  of  f.  817 
will  result. 

The  construction  of  the  Tarious  ciystaUine  forms,  by  this  method,  especially  those  of  the 
isometric  system,  will  be  found  an  interesting  and  instructive  process,  and  will  lead  to  a  clear 
understanding  of  the  forms  themselves  and  their  relations  to  each  other.  Another  and  quicker, 
though  more  mechanical  method  of  constructing  the  isometric  forms  may  also  be  given. 

Pn^jeetion  of  Simple  IsoTnetinc  Fonns. — This  method  depends  upon  the  principle  that  in  the 
different  isometric  forms  the  vertices  of  the  solid  angles  are  occupied  by  one  or  more  of  the 
interaxes  (p.  Itt).  If,  therefore,  these  points  (the  extremities  of  the  interaxes),  can  be  deter- 
mined in  the  several  oiystalline  forms,  it  is  only  necessary  to  connect  them  in  order  to  obtain 
the  projection  of  the  solid  itself. 

As  a  preparation  for  the  construction  of  figures  of  isometric  crystals,  it  is  desirable  to  have 
at  hand  the  figure  of  a  cube  projected  on  a  large  scale,  with  its  axes,  and  its  trigonal  (octahe- 
dral), and  rhxyinbic  (dodecahedral)  interaxes. 

The  values  of  the  interaxes  t  and  r,  for  a  given  form,  are  obtained  by  adding  to  their  nor 
mal  length  the  values  of  t'  and  r'  respectively  given  by  the  foUowing  equations ;  those  of  the 
octahe<£on  being  taken  as  a  unit : 

,       2mn  —  {m  +  n)  ,      n  —  1 

mn  -h  (w  -h  71.)   '  n  4-  1  * 

The  proportion  to  be  added  to  the  interaxes  for  some  of  the  common  forms  is  as  follows: 

t  r  t  r 

2  i  0  ».2  1  i 

»  i  0  »-3  }  i 

8-1  i  *  2-2  i  i 

4-2  ♦  i  3-3  I  i 

To  construct  the  form  4-2,  the  octahedron  is  first  to  be  projected,  and  its  axes  and  inter- 
axes drawn.  Then  add  to  each  half  of  each  trigonal  interaxis,  five-sevenths  of  its  length ; 
and  to  each  half  of  each  rhombic  interaxis,  one -third  of  its  length.  The  extremities  of  the 
lines  thus  extended  are  situated  in  the  vertices  of  the  solid  angles  of  the  hexoctahedron  4-2, 
and  by  connecting  them,  the  projection  of  this  form  is  completed. 

In  the  inclined  hemihedral  isometric  forms  (p.  20),  the  rhombic  interaxes  do  not  terminate 
in  the  vertices  of  the  solid  angles,  and  may  therefore  be  thrown  out  of  view  in  the  projection 
of  these  solids.  The  two  halves  of  each  trigonal  interaxis  terminate  in  the  vertices  of  dis- 
similar angles,  and  are  of  unequal  lengths.  One  is  identical  with  the  corresponding  interaxis 
in  the  holohedral  forms,  and  is  called  the  holohedral  portion  of  the  interaxis ;  the  other  is  the 
hemihedral  portion.  The  length  of  the  latter  may  be  determined  by  adding  to  the  half  of 
the  octahedral  interaxis  that  portion  of  the  same  indicated  in  the  formula : 

2mn  —  {?n  —  n) 

mn  -\-  (m  —  n)' 

If  the  different  halves  of  the  trigonal  interaxes  be  assumed  at  one  time,  aa  the  holohedral, 

and  again  as  the  hemihedral  portion,  the  reverse  forms  -—^r—  and  —  •— s—  ™*y  ^  projected. 

2  2 

The  following  table  contains  the  values  of  the  above  fraction  for  several  of  the  inclined 
hemihedral  forms,  and  also  the  corresponding  values  for  the  holohedral  portion  of  the  inter- 
axis : 

HoL  Interax.    Hem.  interax.  HoL  interax.    Hem.  interax, 


^-^  (t  76,  p.  20) 

0 

''f'  (f.  81) 

i 

(3-3) 
2 

i 

2 

?  (f.  85) 

2 

'%''  it.  87) 

2 

(4-2) 

The  paraUtl  hemihtdtvn*  [for  example,  the  peDta^onal  dodeoabedicni,  orbeml-tetnlwnlia- 

droQ)  omitaiii  a  solid  anf^le,  ntaated  mslinebetvreeu  the  extremities  of  each pairofMmUxM, 
which  is  called  ao  UTitffmmelricnl  solid  angle.  The  vertioea  of  theae  angleii  are  at  nneqiul 
dJBtonceB  from  the  two  adjacent  axes,  and  therefore  are  not  in  the  line  of  the  rhombic  inter- 


axeg.     The  co-otdinatea  of  this  solid  angle  for  any  form,  t 


,  may  be  fonnd  bj  the  for- 


aa  — ~  and  --— — --.     Bj  meana  of  these  formulas,  the  situation  of  two  poEnta,  a 

b  (f.  81tj),  in  each  of  the  ozea  may  be  determined  :  and  if  lines  are  drawn  throng'h  a  and 
each  seiniaxis  parallel  to  the  other  axea,  the  intenteotiooa  e  e',  of  theae  lines  will  be  tiie 


Terticesof  the  nnsymmetricalaolid  angles,  those  marked  e  of  the  form 
o'  of  the  form  —      -      ■ 


-  and  thOM  maiked 


The  trigonal 
hemihedroDH,  a 


of  the  aame  length  as  in  the  holohedral  forms.  The  valaea  tl 
and  ot  the  coordinates  of  the  nnaymmetrickl  aolid  angle  tor  different  parallel 
e  contained  in  the  foUowii^  table  : 


-g-  »  t        *        -1^  <t  9«)  1  *        1 

PrqjttUon  of  a  BAomboAedron. — To  conatmct  a  rhombohedron,  lay  off  Terticala  throngh  the 
extremitiea  of  the  horlztnital  axes,  and  make  the  parts  both  above  and  below  tbeae  eslremitiea 
equal  to  the  third  of  the  vertical  aemiaxia  (f.  819).  The  pointa  G,  E,  E',  E  ,  etc.  are  thns 
determined  ;  and  if  the  eitrcmitiea  of  the  vertical  aiia  be  connected  with  the  points  E  or  E', 
rhombohodronn  in  diSereat  positiona,  mR,  or  — mR,  will  be  constructed. 

Scakno/itdn/it The  scalenohedron  m'  admits  of  a  nimilar  constraction  with  the  rhombohe- 
dron mH.  The  only  variation  required,  is  to  multiply  the  vertical  axis  by  the  nnmber  of 
units  in  n,  after  the  points  E  and  E  in  the  rhombohedrnD  mR  have  been  determined  ;  then 
oonnect  (be  points  E,  or  tiie  points  E ,  with  one  another  and  with  the  eitremitiee  of  the  ver- 
tical axis. 

3,  Camplea  Formt.  — When  it  is  required  to  figure  not  only  the  planes  of  one  form,  that 
is,  those  embraced  in  One  aymbol,  but  aW  those  of  a  nnmber  modifying  one  another,  a  some- 
what difFerent  proceaa  is  found  derirable.  It  is  possible  indeed  to  coustract  a  complex  form 
in  the  way  mentioned  on  p,  4S4.  each  plane  being  htid  off  on  Che  given  aiea,  and  its  intenjec- 
tion-edgea  with  adjoining  planes  determined  by  two  points,  always  in  the  axial  sections,  whidi 
it  has  in  common  with  each.  In  this  way,  however,  the  Egnrn  will  soon  become  so  complex 
ae  to  be  extremely  perplexing,  and  thus  lead  Ui  error  and  consequent  loaa'of  time. 

This  difficulty  is  in  part  avoided  by  the  nse  of  one  projection  of  the  axes  on  a  larger  acsle, 
Dpon  which  the  dlxeottone  of  tlie  interwolioii-Uiies  are  determined,  while  a  seoond  anuller  ooe, 
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placed  below  and  paxallel  to  it  on  the  same  sheet  of  paper,  is  used  for  the  actual  drawing  of 
the  crystal.  In  most  cases,  however,  the  crystal  may  be  drawn  as  conveniently  without  the 
use  of  the  second  set  of  axes.  The  size  of  the  figure  may  be  either  that  which  is  to  be  finally 
required,  or,  more  advantageously,  it  maybe  drawn  two  or  three  times  larger  and  then  reduced 
by  photog^phy.  This  method  is  especially  to  be  recommended  when  the  figures  are  finally 
to  be  engraved  on  wood,  since  from  the  enlaiged  drawing  they  may  be  photographed  directly 
upon  the  wood  of  any  required  size,  and  thus  a  very  high  degree  of  accuracy  attained. 

Application  of  Quenstedfs  Projection.  — The  prooess  of  determining  tlie  direction  of  the 
intersection-edges  is  much  simplified  if  the  principles  of  Quenstedt^s  Projection  (p.  55)  are 
made  use  of.  In  other  words,  the  symbol  of  every  plane  is  so  transformed  that  for  it  tho 
length  of  the  vertical  axis  is  unity.  This  extremity  of  the  vertical  axis  is  then  one  point  of 
intersection  for  all  planes  whatsoever,  and  the  second  point  will  always  lie  in  the  horizontal 
plane,  that  of  the  lateral  axes.  The  change  in  the  symbol  requires  nothing  but  that  the 
symbol,  expressed  in  full,  should  be  divided  by  the  coefficient  of  the  vertical  axis.  The  direc- 
tion of  each  intersection-edge,  when  determined,  is  transferred  to  the  figure  in  process  of 
construction  by  means  of  a  small  triangle  sliding  against  a  ruler  some  8  inches  in  length.  It 
will  be  found  in  practice  that,  especially  when  this  method  is  employed,  it  is  not  neoessary 
to  actually  draw  all  the  lines  representing  each  plane,  but  to  note  simply  the  required  points 
of  intersection.  This  method  and  its  advantages  (see  Klein,  Einleitung  in  die  Krystallberech- 
nung,  II.,  p.  387)  will  be  made  clear  by  an  example. 

It  is  required  to  project  a  crystal  of  andalusite  of  prismatic  habit,  showing  also  the  planes 
f-2,  t-i,  1  *,  1,2-2,  Hand  0. 

It  is  evident  that  an  indefinite  number  of  figures  may  be  made,  including  the  planes  men- 
tioned, and  yet  of  veiy  different  appearance  according  to  the  relative  size  of  each.  It  is 
usually  desirable,  however,  to  represent  the  actual  appearance  of  the  crystal  in  nature,  only 
in  ideal  symmetry,  hence  it  is  very  important  in  all  cases  to  have  a  sketeh  of  the  crystal  to 
be  represented,  showing  the  relative  development  of  the  different  planes.  If  this  sketeh  is 
made  with  a  little  care,  so  as  to  show  also  the  parallelism  of  the  intersection-edges  in  the 
occurring  zonee,  it  wiU  give  material  aid.  The  zones,  it  is  to  be  noted,  are  a  great  help  in 
drawing  figures  of  crystals,  and  they  should  be  carefully  studied,  since  the  common  direction 
of  the  intersection-edge  once  determined  for  any  two  planes  in  it,  will  answer  for  all  others. 

830 


The  first  step  is  to  take  the  projection  of  the  isometric  axes  already  made  onoe  far  all  on 
a  conveniently  large  scale,  and  which,  as  before  suggested,  is  kept  on  a  card  of  large  size, 
and  ready  to  be  pierced  through  on  to  the  paper  emploved.  These  axes,  now  of  equal  length, 
must  be  adapted  to  the  species  in  hand.  For  andalusite  the  axial  ratio  is  r  :  6  :  /2  =  0*713  : 
1*014  :  1 ;  hence  the  vertical  axis  c  must  have  a  length  *71  of  what  it  now  has,  and  the  lateral 
axis  one  1*01 ;  these  required  lengths  are  determined  in  a  moment  with  a  scale  of  eqiuil  parts. 

The  next  stop  is  to  draw  the  predominating  form,  the  prism  1.  Obviously  its  intersection* 
edges  are  parallel  to  the  vertical  axis,  and  its  basal  edges,  intersecting  0,  are  parallel  to  pB^ 
tq  in  the  projection  (f .  820).  The.  planes  i-i,  and  t-  2  are  now  to  be  added,  whose  intersections 
with  each  other  and  with  1  are  pandlel  to  o.  The  position  of  one  edge,  //^2,  having  been 
tidcen,  that  of  the  other  on  the  other  side  is  detexmmed  by  the  point  where  a  line  parallel  to 
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the  axis  i  meets  the  baaal  «d^  of  the  prism.     Similarly  the  position  of  tlie  same  prismatk) 
edges  behiDd  are  given  b;  the  mteraection  of  lines  from  front  to  rear  parallel  to  the  axia  u. 

The  prixmB  drawn,  it  remaina  to  add  the  terminal  planes,  and  as  the;  tfaoa  modify  one  »n- 
other's  poflition,  the/  are  drawn  together.  The  reqnired  intergCLtiim-lioeg  ore  easily  obbuned. 
The  macrodome  1-i  is  the  plane  posning  throagh  the  point  c  and  intersecting  the  horiiontal 
plane  in  the  line  paq  ;  this  line  is  obviously  the  direction  of  its  mtersection-edge  irjth  I'-i  and 
with  0.  The  prism  i'-2  appears  (f.  820}  aa  the  two  lines  tnm',  nn  ;  the  line  mm'  produced 
beyond  m  meet^  p'lg  at  z,  this  «-ill  be  one  common  point  for  the  two  planes  1->  and  t-£;  the 
second  common  poiot  ia,  as  always,  the  point  e,  hence  the  line  joining  these  two  points,  trans' 
feired  to  the  crystal  in  the  way  described,  gives  the  required  in(et8uctian-edg«  tor  i-S  and  l-I. 
Similarly  for  I'-i  on  the  right,  the  two  points  of  intersection  arc  c,  and  the  point  where  «» 
and  giip,  prodnced,  meet,  and  this  gives  the  second  intersection -edge.  The  planes  1-t  and  I 
(right)  meet  at  d  and  e  ;  henoe  the  line  ed  gives  the  direction  of  their  in*ersection-edge.  which 
IB  also  the  direction  of  that  of  1-i  and  1  (left),  and  of  1  and  2-i.  right  and  left  on  both  aides. 
Still  again,  theploneS-i  has  the  full  symbol  2'  ■.''•.21.  or/-;  f^>  ;  ■> ;  and  hence  intersects  the 
horizontn]  plane  (t.  820)  in  the  lines  ■in  (riifht).  ill  (left),  and  n'q,  up  (behindj.  Hence  the 
intersection-edge  of  1,  2-2,  1-J  has  the  direction  of  the  line  joining  the  points  e  and  >  (right), 
ftud  similarly  to  the  left  and  behind.  The  intenieclion-edge  of  2-2  front,  and  3-i  behind,  has 
Uie  direction  of  the  line  joining  the  points  c  and  .r  (right)  and  e  and  ,y  |left). 

The  method  of  obtaiuing  the  intersection -edges  at  the  planes  will  he  clear  from  this  ex- 
ample.    Practical  facility  in  drawing  fignres  by  this  or  any  other 
g31  method  is  only  to  be  obtained  by  practice, 

It  will  be  found  that  at  almost  every  step  thero  is  an  opportnnily 

to  test  the  accuracy  of  the  work — thus  every  point  of  intersection 
on  the  basal  plane  behind  must  lie  on  a  line  drawn  from  the  cor- 
responding point  in  front  on  the  basal  plane,  in  the  direction  of  the 
axis  so  too.  the  pobt  at  intersection  of  2-^  and  J  (frontl.  2-£ 
an  I  /  (behmd).  on  one  side,  must  be  in  the  line  of  the  horizontal 
axis  (')  with  that  on  the  other  side,  and  similarly  in  other  oases. 

If  it  were  required,  as  ia  generally  necessary,  to  complete  the 
form  (f  Hill  below,  it  is  unnecessary  to  obtain  any  new  inlerseo- 
tlon  Imes  smce  every  lino  above  has  its  corresponding  line  oppo- 
site and  parallel  tn  it  below.  Moreover,  in  on  orthorhombic  crys- 
tal e^ory  point  above  has  a  corresponding  point  below  on  a  Ime 
parallel  to  the  vertical  axis.  This,  as  above,  will  serve  as  a  control 
of  the  acruracy  of  the  work. 

There  is  another  method  of  drawing  complex  crystalline  forms 
which  his  many  advantages  and  is  sometimes  to  be  preferred  to 
any  other  it  can  be  explained  in  a  very  few  words.  After  the 
axes  have  been  obtained  the  diametral  prifm  is  constructed  upon  them.  Upon  the  solid 
angles  of  this  each  plane  of  the  required  form  is  laid  oS,  the  edges  being  taken  instead  of  the 


axes.  Suppose  that  f.  823  represents  the  diametral  prism  of  an  orthorhombic  cryntal.  Here 
obviously  the  edge  e  =  2c;  i  =  2/>,  i  =  3i.  The  plane  1  (r  :  4  :  li)  may  be  laid  oS  on  it  by 
taking  from  the  angle  a  eqnal  portions  of  the  edges  «,  i,  i,  for  Instanoe,  oonveniently  one 


OH   THE   DRAWINO   OP   FTGUKES   OF  CRYSTAU.  429 

half  of  each,  hence  the  plane  appears  as  mno.  Again  the  plane  2(2c  :  Ji  :  'i)  is  laid  off  by  taking 
the  unit  lengths  of  the  edges  i  (i),  and  i  {■•)  and  twioe  the  nuit  length  of  e  {i).  the  plane  is 
then  mtlb.  Again,  the  plane  4-5  (4r  :  i  ;  30  takes  the  position  npb,  ainee  071  =  2c,  op  =  IS, 
and  an  =  J,  the  ratio  of  the  edges  (axes)  being  the  same  as  in  the  symbol.  So  alno  thepUne 
S'i  {2e  :  Hi  •  u}  has  the  position  niw,  since  no  =  c,  am  =  i,  and  or  =  i'l,  here,  too,  the 
ratio  of  the  axes  being  preseired.  By  plotting  the  successive  planes  of  the  crystal  in  this 
way.  each  solid  angle  coiresponding  to  on  ootaot.  the  diFectlon  of  the  intentection-edgea 
for  the  given  form  are  Bt  once  obtained.  For  example,  the  interfleoUoa-tdge  for  l,Biidtheba0al 
plane,  as  also  fori  and  3.  it  is  the  linentn  '  fori  and  4-3  it  is  the  dotted  line  joining  the  oommon 
points  II  and  a;  for  I  and  3?  it  is  the  hne  1710;  for  3  and  4-3,  also  for  3  and  3-2,  it  is  the  line 
joining  the  common  points  ^1 

The  diieotion  of  tbe  required  intersection-edges  being  obtained  in  this  way,  they  ore  tued 
to  construct  the  oryetol  ilwelf,  being  transferred  to  it  in  the  usual  way.  Id  f-  838  thej  have 
been  placed  apon  the  diametral  prism,  and  when  this  process  has  l>cen  completed  for  the 
othec  angles,  and,  too,  the  domes  e \  i',  are  added,  the  form  in  t.  S24  results. 


On  t 


!  Drawiha  of  Twin  Cbtbtalb. 


Id  order  to  project  a  compound  or  twinned  crystal  it  is  generally  necessary  to  obtain  first 
the  axes  of  the  second  individaal.  orsemi-indiFidusi.  in  the  position  in  which  they  are  hrooght 
by  the  revolution  of  180°.  Thie  is  accomplished  in  the  following  manner.  In  f.  825  n  com- 
ponnd  crystal  of  stajirplite  is  represented,  in  which  twinning  has  taken  place  (1)  on  an  axis 
DOrmal  to  J-i,  and  it/^  an  axis  normal  to  J-|.  The  second,  being  the  more  general  cose,  is 
of  the  greater  importuoe  Tor  the  soke  of  example.  In  f.  83S,  ix',  6b',  an'  represent  the  rect- 
uigular  axes  of  Btanrolite  (c  =  1-441,  £  =  3'1I3,  il  =  1).    ThetwianiQg-plane)-^<H  :  — i  :  }d) 


has  the  position  10B.  It  is  first  necessary  to  constrnct  a  norma!  from  the  centre  O  to  this 
plane.  If  perpendicularebedrawntrom  the  centre  O  to  the  linen  MX,  NR.  MR,  they  will  meet 
them  at  the  point*  a,  y.  s,  dividing  earfi  line  into  segmenta  proportional  to  the  squares  of  the 
adjacent  axes  ;"  oiJSx:  SLi  =  OK'  :  OM'.     In  this  way  the  points  x.  y,  z  are  fixed,  and  lines 

*  This  is  tme  since  the  axisl  angles  are  right  angles.  In  the  Monoclinic  System  two  of 
the  axial  intenections  are  perpendicular,  and  they  are  sufficient  to  allow  of  the  determina- 
tion of  the  point  T,  as  above.     In  the  Tridinio  System  the  method  needs  to  be  ■lightlj' 
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drnni  from  >tuj  two  ot  them  to  the  opposite  ongleii  R,  7T,  or  H  will  fix  the  point  T.  A  Una 
joining  T  and  0  la  uonnal  t«  the  plane  (MKB  =  j- j).  Furthermore,  it  is  obTiooB  that  if  a 
revolatiOD  of  180'  about  TO  take  place,  that  every  point  in  the  plane  MN&  will  remain 
equally  diMaot  front  T.  Thna,  the  point  H  will  take  the  place  /i(MT  =  T/i.),  the  point  ft'  the 
place  0'  (NT  — T0'),  and  ao  on.  The  lines  joining-  these  points  /l,  p',  x,  and  the  oommon 
„_  centre  O  will  be  the  new  oiee  coneaponding  to  MO,  NO,  RO.     Id  order 

_'  («  obtain  the  unit  aiea  correspondiag  to  r,  i,  6f  it  is  merely  neceaaary  to 

draw  throagh  i^  a  line  parallel  to  HTfi,  meeting  /lO  at  y,  then  TOy'  ia  the 
new  vertical  axis  corresponding  to  cOo',  also  0O0  corresponds  to  iOA', 
and  oOa'  conenponda  to  aOn',  These  three  axes  then  are  the  azea  for 
iheeecond  individual  in  its  twinned  positioD;  npon  them,  intlieamBi  way, 
the  new  flgnre  may  be  coostmcted  and  then  transferred  to  its  proper 
,   pontioD  with  reference  to  the  normal  ciystal. 

f        For  the  second  method  of  twinning,  when  the  aiis  isnonaolto  J-i,  the 
,    constrnction  is  more  simple.     It  is  obrioua  the  axis  is  the  line  Oz,  and 
'   asing  this,  as  before,  the  new  axes  are  toundj  kOic'  corresponds  to  eOc' 
(sensibly  ooincidinf  with  bb),  sinoe  Oa  j-i  —  134   21',  and  so  on. 

In  many  cases  the  simplest  method  is  to  coustmct  Bist  the  normal 
crjiUd.  then  diaw  through  its  oentre  the  twiuniug-plaue  and  the  axis  of 
revolution,  and  determine  the  oDgnlor  points  of  the  reversed  crystAl  in 
the  principle  alluded  to  above:  that  fay  the  revolution  every  point 
remains  at  the  same  distance  from  the  axis,  measured  in  a  plane  at  right 
angle  to  the  axis. 

ThoB  iDsf.  8S7  when  the  scalenohedron  has  t>een  drawn,  since  the  twinning-plane  is  the 
baaal  plane,  each  angular  point,  by  the  revolution  of  160',  obtains  a  poaition  equidistant  from 
thia  plane  and  directly  below  it.  In  this  way  each  angular  point  is  determined,  and  the  oom- 
ponnd  orystal  is  completed  ii 
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TABLES  TO  BE  USED  IN  THE  DETERMINATION  OF  MINERALS. 


TABLB  L 

Minerals  a/rranged  according  to  tlieir  Physical  am,d  Hloiopipe  Characters, 

Thb  following  table  is  intended  especially  for  nse  in  instruction  in  Mineralogy.  With  this 
end  in  view  it  is  limited  to  those  species  described  in  full  in  the  body  of  this  work,  and  the 
method  of  arrangement  has  been  made  to  conform  as  nearly  as  possible  to  the  chemical  sys- 
tem of  classification  there  followed.  Table  II.,  on  the  contrary,  is  made  to  embrace  all 
species  whose  crystalline  system  is  known : 

Oeneral  Schetne  of  Clasaification. 

I.  MALLEABLE,  OR  EMINENTLY  SECTILE. 

Many  of  the  native  metaU  are  here  included. 

1.  Lustre  metallic 

2.  Lustre  unmetallia 

IL  VAPORIZABLE,  OR  B.B.  EASILY  YIELDING  FUMES. 

The  sulphides^  sdenides^  etc.,  also  the  sulpliarsenides,  sulphantimonideSy  etc.,  are  here  in- 
cluded ;  also  some  natiye  metals. 

Part  I.  Wholly  Vapobizable. 

1.  Lustre  unmetallic. 

2.  Lustre  metallic. 

Part  IL  Yielding  Fumes  beadilt,  but  not  wholly  Vapobizable. 

1.  Lustre  unmetallia 

2.  Lustre  metallic. — ^A.  Streak  unmetallic ;  B.  Streak  metallie. 

in.  NOT  MALLEABLE;  NOT  VAPOBIZABLE,  OR  EASILY  YIELDING  FUMES. 

Part  I.  LusTBE  Metallic. 

1.  Streak  unmetallic. —A  Infusible  or  nearly  so ;  B.  Fusible. 

2.  Streak  metallia 

Part  II.  Lustbb  nNliBTALlIO. 

1.  OarbonateB. 

a.  Infusible. 

b,  Fudble. 
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2.  Sulphjitat. 

1.  Soluble  in  water,  or  harmg  taste. 

2.  Insolable  in  water. 


3. 
4.  flJHnatwi,  Fhosphataa,  OzidM  (pL\  «tc^  etc. 

I.  Slrtak  Colored: 

1.  Infnsible,  or  nearlj  wo, 

2.  Fusible. — A.  Gelatinize  with  acids;  B.  I>o  not  gelatiniae. 

II.  Streak  Cncolored. 

1.  Infusible. — A.  Gelatinize  with  acids ;  B.  I>o  not 

2.  FuEible. — A.  Gelatinise  with  acids. 

a  Hrdrous;  fi  Anhydrous. 
B.  Do  not  gelatinize. 

a  Hydrous;  3  Anhydzooa. 


L  MALLLEABLE  OR  DOXEXTLY  SECTILK 

1.  Lustre  mrtalUc.  • 

(a»  YieMingno  fumes. — Gold;  Selvzr;  Platixum;  P^lladitm ;  Gofpkb;  Dmkt 
tpp.  WJ-2M . 

3  Yielding  with  soda  ou  charcoal  a  silver  jlobnle. — Argextite  p.  213>.  and  ACAV- 
TiiiTE  ip.  217',  the«e  yield  also  sulpb:iroas  fumes.— He^site,  Petzite  tjk  216;. 

2.  Lustri  uumKOiUir. 

On  charcual  a  hilrer  globule.— Cerargyrite  'p.  2S^}. 


n.  VAPORIZABLC :  B.B.  easily  yieMicg  fumes  in  the  open  tube. 

Part  L   Wholly  VAPORiz.iBL!: :  rea<iily  {la'^ing  away  in  fumes  when  heated  on 

cLarv-txiL 

I.    Lr^TRE   UXHETALLIC. 

1.  Fumes  sulphurous;  bumli^r  ^^:*"  a  rtame. — SL'LPirm   p.  206». 

2.  Fumies  ancimoaiaL — Valkntimte,  «i?a3nno£iti:e   p.  2^2l 

3.  Fumes  arseuic^ — REAUi  vr   p.  "Ji/j  .  o»jlor  rtd;  Orpiment  p.  2C0»,  color  yellow. 

4.  Fum*.-s  mercurial — Cixnabak   p.  21  > 

2.    LrSTRE  METAJ.LIC. 

1.  Fumes  sulphurous;  with  aL^  funi<».s  of  acrimony.  iHsmuth,  etc— SriBAlTE  (p.  210); 
Bl<M  UT  a  I  NIT  K  -  p  2 1 0  ■  ;  *opi»f  tt  traiirmite    p.  211 ». 

2.  Fumes  seleniaL — CLAreTHAUTE    p.  2U  . 

3.  XATl^'E  Arsk?(IC.  ANTiMt^'NY.  BisxiTiL  and  TELLCBirx  ipp.  2&I.  206).     Some  Ccr- 
KJULkB  '  see  abore )  has  a  metallic  lustre. 

Part  II.  Yielding   Fumes    Readily    ix   the   open  Tube,  bct   sot    Wholly 

Vapor  IZ.VBLE 

1.    Lr?rRE   UN METALLIC. 

1.  Fumes  sulphurous  alone. — Sphalerite  'pl  215  .  infisxble;  GeeexOckitb  (p.  220). 

2.  Fumes  sulphurous^  and  >  x)  a»euical.  or  •  3*  autiizLocial;  yield  a  bead  of  oilTer  on  diar- 
COOL— H«j   MlABOTBITE  ij^.  2-::!  ;  PiULAB(.:yRIT£  \p.  230 '.—1,^)  PBOUSTrTK  [p.  SSIX* 
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2.  Lustre  Metallic. 

A.  Streak  UnmetaUie. 

1.  Fumes  arsenicaL 

a.  On  charcoal  a  magnetic  bead  or  mass,  (a)  In  the  closed  tube  unaltered. — Cobaltite 
(p.  224).  (/?)  Do.,  a  red  sublimate  of  arsenic  sulphide. — Arsenopyrite  (p.  225),  color  silver- 
white  ;  Tennantite  (p.  234),  color  iron-black ;  Gersdorpfite  (p.  224),  color  silver-white 
to  steel-gray,  B.  B.  decrepitates.  (7)  Do. ,  a  faint  sublimate  of  arsenous  oxide.  — NiccoLiTB 
(p.  220),  color  copper-red. 

b.  With  soda  on  charcoal  a  malleable  bead  of  metallic  lead.— Sarto rite  (p.  228), 
decrepitates  strongly,  6.  =5  89  ;  Dufrenoysite  (p.  229),  G.=5  5(>. 

c.  Do.,  a  bead  of  silver.— Proust  it  K  (p.  231). 

d.  Do.,  a  bead  of  copper. — Domkykite  (p.  212),  color  tin-white  to  steel-gray. 

2.  Fumes  antimonial. 

Yield  a  silver  globule  on  charcoal.— Pyrargyritb  (p.  230) ;  Miargyrite  (p.  227). 
8.  Fumes  sulphurous. 

a.  Reaction  for  copper  with  borax. — Chalc6pyrite  (p.  222),  color  brass-yellow ;  BoR- 
NiTUj;  (p.  215),  color  copper-red  to  pinchbeck-brown  on  the  fresh  fracture. 

^  b.  Yield  a  magnetic  bead  or  mass  on  charcoal,  (a)  Yield  free  sulphur  in  the  closed  tube. 
— Pyrite  (p.  221),  G.=4'8-5  2;  Marcasite  (p.  225),  G.  =47-4 -8;  some  linnajite  (see  be- 
low). O)  Unchanged  in  the  closed  tube. — Pyrriiotite  (p.  219),  color  bronze -yellow,  mag- 
netic ;  MiLLERiTB  (p.  219),  color  brass-yellow,  with  borax  a  nickel  reaction  ;  LiNNiElTE 
(p.  223),  color  pale  steel-gray,  contains  cobalt. 

B.  Streak  Metallic, 

1.  With  soda  on  charcoal  yield  metallic  copper.      (The  bead  obtained  may  also  be  tested 
with  borax). 

a.  Fumes  sulphurous  alone,  (a)  Contain  only  copper.  —  Chalcocite  (p.  217).  (/3) 
Contain  copper  and  silver.— Strom kyerite  (p.  218). 

b.  Fumes  antimonial,  with  or  without  sulphur,  (a)  Contain  copper  and  lead. — BoUR- 
NONITB  (p.  231),  color  steel-gray,  G.  =5 -7-5  9.  (/8)  Contain  copper  nndsilver. — Polybasite 
(p.  235),  color  iron  black.     (7)  Tkthaiiedhite  (p.  233) ;  some  enargite  (p.  235). 

c.  Fumes  arsenical. — K\  argite  (p.  235). 

2.  Yield  lead  or  silver,  but  no  copj^er  on  charcoal. 

a.  Fumes  sulphurous  aloue.     Contain  lead. — Galknite  (p.  213). 

h.  Fumes  antimonial,  without  arsenic,  (a)  Contain  silver. — Dyscrabite  (p.  212), 
G.=9-4-9-8,  color  silver-white  ;  Fueieslkbenite  (p.  230),  G.=:6-()  4,  color  steel-gray,  yields 
also  sulphuroiis  fumes  ; — STtniANiTE  (p.  234),  G.=G*27,  color  iron-black.  O)  Contain  lead. 
— ZiNKBNiTE  (p.  228).  G.  o  30-5-35;  Jamesonite  (p.  229),  G.  =  5-5-5-8;  Boulanoeritb 
(p.  232),  G.  =5 -75-0. 

c.  Fumes  mercurial. — Amalgam  (p.  203). 

d.  Fumes  sclenial. — Claustiialite  (p.  214). 

e.  Fumes  telluric,  (o)  Contain  silver  and  gold. — Sylvanite  (p.  226),  color  steel-gray 
to  silver- white,  brittle  ;  Hessite,  Petzite  (p.  216),  color  lead-  to  steel-gray,  sectile.  (/3)  Contain 
lead.— Nagyagite  (p.  227),  color  black  lead-gray,  foliated. 

3.  Yield  ^  lead,  silver  or  copper. 

MoljrtGlenite  (p.  211);  Bismuthinite  (p.  210);  Tellurium  (p.  205). 

III.  NOT  MALLEABLE  ;*  NOT  VAPORIZABLE,  NOR  EASILY  YIELDING  FUMES. 

Part  I.  Lustre  Metallic?. 

1.  Streak  Unmet allic. 

A.  Infusible^  or  Fxmhle  tnth  great  difficulty. 

a.  Reaction  for  rruingan^Me  with  borax. 

(o)  Anhydrous. — Pyrolusite  (p.  256),  G.=4*82,  H.  =2-2-5,  streak  black  (braunite^ 
haosmannite,  p.  255);  Franklinite  (p.  251),  of  ten  in  octahedrons,  G.— 5'07,  H,=5*5-6'5, 
Streak  dark  reddish-brown  ;  yields  zinc  B.  B. 

(3)  ZTy^otM.— MANOAmTB  (p.  258) ;  Psilomelanb  (p.  260) ;  Wad  (p.  261). 
28 
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h.  Reaction  for  iron  :  become  magnetic  upon  ignition  on  charcoal. 

(a)  AfihydrauM. — Magnetite  (p.  250),  streak  black,  magnetic;  Hematite  (p.  246), 
streak  cherry-red.  Contain  titanium. — Menaccanite  (p.  247),  G.  =4-5-5,  streak  black  to 
brownish-red;  Tantalite  (p.  3:}?),  G.  =7-8  ;  Coi.umbite  (p.  338),  G.=5'4-6-5. 

(/3)  llydrom. — Ltmonite  (p.  258),  streak  yellowiah-brown  ;  Gr)THiTE  (p.  258),  streak 
same  ;  Tdroitk  (p.  257),  streak  red. 

c.  Reaction  for  ziiic  on  charcoal. — Zincitk  (p.  244),  streak  orange-yellow. 

d.  Reaction  for  ctiromium  with  borax. — Ciiromite  (p.  252),  color  black,  streak  brown, 
commonly  in  octahedrons. 

e.  Reactionfor  <i^i/www.— RuTiLE  (p.  254);  Octahedrite  (p.  255);  Brookite  (p.  255); 
Pkrokbkite  (p.  248).  — Euxenite  (p.  340),  contains  columbium. 

/.  No  reactions  as  above. — Yttrotantalite  (p.  339). 

B.    Fumble, 

a.  Reaction  for  iron,  become  magnetic— Ilvaite  (p.  287),  G.  =3-7-4 -2;  Allanite  (p.  286), 
G.=3-4-2;  WoLFRAMiTK  (p.  3GI;,  G.  =71-7-5;  Samarskfte  (p.  339),  G.  =5 -45-5 -69. 

b.  Reaction  for  copper. — Tenorite  (p.  245) ;  Cuprite  (p.  244). 

2.  Streak  Metallic. 
No  metallic  bead.— Graphite  (p.  208) ;  Iridosmine  (p.  202). 

Part  II.     Lustre  Unmetallic. 

1.   CARBON ATBS:   wnen  pulverized  effervesce  (give  off  COa)  with  hydrochloric  or 
nitric  acid,  sometimes  only  on  the  addition  of  heat  (p.  180).  * 

1.  Infu  bible. 

a.  No  metallic  reaction,  or  only  traces  ;  assay  alknline  (p.  183)  after  ignition. 

(a)  Anhydrous. — Effervesce  freely  in  the  mass  in  cold  dilute  acid  ;  Calcite  (p.  376), 
O.  =2 -5-2 -8 ;  Aragonite  (p.  383),  G.  =:2'9  ;  Barytocalcite  (p.  38G),  contains  barium.  Effer- 
vescence wanting  or  feeble,  unless  very  finely  pulverized ;  Dolomite  (p.  379) ;  Maonesite, 
(p.  380). 

(/3)  Hydrous. — Hydromagnesite  (p.  387). 

b.  A  decided  reaction  for  iron  :  become  magnetic  upon  ignition. 

Siderite  (p.  381) ;  Ankkrite  (p.  380).  Also  mesitite,  pistomesite  (p.  381),  and  some 
varieties  of  the  preceding  carbonates. 

c.  A  decided  reaction  for  manganese  with  borax. 

RiioDOCHROBiTE  (p.  381).     Also  some  varieties  of  the  preceding  carbonates. 

d.  Reaction  for  zinc  on  charcoal 

(o)  An/iydrot/s. — Smitusonite  (p.  382).     (/3)  ^'^d/ww.— Hydrozincite  (p.  388). 

2.  Fusible. 

a.  No  metallic  reaction,  or  only  traces ;  assay  alkaline  after  fusion. 

(o)  Anhydrous. — Witherite  (p.  384),  G.  =43,  B.B.  a  green  flame  (baryta);  Stron- 
tianite  (p.  384),  G. =3 -6-3 -7,  B.B.  a  strontia-red  flame. 

O)  /iyrfmrM.— Gay-Ld88ITE  (p.  387);  Trona  (p.  386). 

b.  Reaction  for  lead  on  charcoal. 

Cerussite  (p.  'iSfi) ;  Phosoenite  (p.  386),  contains  lead  chloride ;  Leadhillitb 
<(p.  386),  contains  lead  sulphate. 

c.  Reaction  for  cojyper  with  borax. 

Hydrous. — Malachite  (p.  389),  color  green  ;  Azurite  (p.  389),  color  azure-blue. 

d.  Reaction  for  bismuth  on  charcoal. 

Hydrous. — Bismutite  (p.  390). 


*  Nitric  acid  is  needed  only  in  the  case  of  lead  salts  (cerussite,  phosgenite,  leadhillite).  In 
addition  to  the  proper  carb  mates,  also  leadhillite  and  cancrinite  effervesce  with  acid,  and 
with  many  minerals  effervescence  may  be  caused  by  a  mechanical  admixture  of  calcite  {t.g.^ 
wollastonite),  or  some  other  carbonate  {e.g.  lanarkite). 


DETERMINATTON  OP  MINEBAL8,  435 

2.  SULPHATES :  Yield  a  sulphide  with  soda  on  charcoal  (p.  187),*  which  when  moist- 
ened blackens  a  surface  of  polished  silver. 

Soluble  in  Water  :  having  taste. 

a,  Glauberite  (p.  369) ;  Mirabilite  (p.  370) ;  Polyhalite  (p.  871) ;  Epbomttb  (p.  872); 
Alums  (p.  378). 
h.  Copperas  group  :  Vitriols. — Chalcanthitb,  etc.  (p.  372). 

2.  Insoluble  in  Water  ;  having  no  taste. 

a.  Yield  no  metallic  bead.     Fusible ;  assay  alkaUne  after  fusion. 

(a)  Anhf/draus.—B ARiTR  (p.  365),  G.=4-3^-7,  a  yellowish-green  flame  B.B.;  Celbb- 
TITE  (p.  366),  G.=3-92-3-97,  a  strontia  red  flame  B.B.;  Anhydrite  (p.  367),  G.=2-9-2-99, 
a  reddish-yellow  flame. 

iP)  Hydrous:  Gypsum  (p.  370),  H=l-5-2,  G.=2-3. 

b.  Reaction  for  aluminum  ;  a  blue  color  with  cobalt  solution  after  ignition. 

Hydrous  :  Aluminite  (p.  373). 
e.  Reaction  for  lead  on  charcoal. 

Fusible.— Anglesite  (p.  367) ;  Leadhillitb  (p.  368),  contains  lead  carbonate. 

d.  Reaction  for  copper  with  borax. 

Brochantite  (p.  374);  Lenarite  (p.  374). 

e.  Reaction  for  iron  :  become  magnetic  after  ignition  on  charcoaL 

COPIAPITE  (p.  873). 

8.  GHROMATBS :  Afford  a  chromium  reaction  with  borax  (p.  186).     All  brightly  col- 
ored, and  having  a  colored  streak. 

Crocoite  (p.  363),  color  hyacinth-red,  streak  orange-yellow ;  Phcenicochroitb, 
(p.  364),  color  cochineal-  to  hyacinth-red,  str^Eik  brick-red ;  Vauquelinite  (p.  364),  color 
green  to  brown,  streak  greenish  or  brownish. 

4.  BIUGATSS,  PHOSPHATBB,  OZIDIIB  (in  part),  etc. 

I.  Streak  Colored:  having  a  decided  color. 

1.  Infusible,  or  Fusible  with  great  Dippicultt. 

a.  Reaction  for  iron,  magnetic  after  ignition  in  R.F. 

(o)  Anhydrous, — Hematite  (p.  ^),  streak  cherry-red. 

(/3)  Hydrous, — Limonite  (p.  258),  streak  yellowish-brown ;  GoTHiTB  (p.  258),  stroak 
same;  Turoite  (p.  257),  streak  red,  decrepitates  B.B. 
h.  Reaction  for  manganese  with  borax. 

Hydrous.— Wad  (p.  261);  Psilomelane  (p.  260). 
e.  Reaction  for  zinc,  with  cobalt  solution. 

ZiNCiTE  (p.  244) ;   streak  orange -yellow. 

d.  Reaction  for  copper  :  yield  a  metallic  bead  with  soda  on  charcoal. 

Hydrous. — Dioptase  (p.  279),  color  emerald-green. 

e.  Reaction  for  titanium :  with  metallic  tin  on  evaporation  a  violet  color  to  the  hydro- 
chloric acid  solution,  sometimes  after  fusion  with  potassium  bisulphate. 

Rutile  (p.  254),  G.=4-2;  Warwickite  (p.  360),  G.=3-3,  moistened  with  sulphuric 
acid  gives  a  green  flame  B.B.  (boron). — Some  Pyrochlore  (p.  337) ;  and  Perofskite  (p.  248). 
/.  Reaction  for  tin  :  yields  the  metal  with  soda  on  charcoal. 

Cabwiterite  (p.  253),  G.  =6-4-7-l. 
g.  Not  included  in  the  above. 

(a)  Phosphates  :  moistened  with  sulphuric  acid  give  a  bluish-gfreen  flame  B.R — MoNA- 
ZITE  (p.  346),  G.  =4-9^ -26;  Xenotime  (p.  342),  G.=4-45-4-56. 

(/3)  Pyrochlore,  Microlite  (p.  337),  G. 4 -2-4 -35  ;  Fergusonite  (p.  340). 


*  Note  the  precaution  on  p.  187  ;  it  may  be  remarked  in  addition  that,  in  the  case  of  a  sul- 
phate, the  reaction  is  generally  so  decided  that  there  can  be  no  ambiguity,  even  when  the 
gas  contains  a  little  sulphur.    In  all  cases  the  soda  an  charcoal  should  l^  first  tested  alone. 
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3.  Fusible  wrrnour  very  great  Difficulty. 

A.  Odatinize  with  Aeid  (p,  181). 

Give  a  reaction  tor  iron. 

Ilvaite  (p.  287),  yields  little  or  no  water,  IL=5-5-<5,  G.=3-7-4-2,  streak  black; 
HitfiNGEUiTE  (p.  a32),  yields  much  water,  H.=3,  G.  =3.045,  streak  yellowish-brown; 
Allanite  (p.  286),  H.  =5-5-6,  G.3-4-2,  streak  gray. 

B.  Do  not  Gdatinize  icith  Aeid. 

1.  Arsenates :  give  arsenical  fumes  on  charcoal ;  after  roasting  yield  metallic  reactions  as 
follows : 

a.  Reaction  for  iron  :  become  magnetic  after  ignition. 

Pharmacosidekite  (p.  354),  color  olive-gfreen  to  yellowish-brown,  etc. 

h.  Reaction  for  cobalt  with  borax. 

Erythuitk  (p.  350),  color  roRc-red. 

c.  Reaction  for  evpper  with  borax  ;  also  give  a  green  fl^me  BB. 
llydrou*. — OLiVENrTK  (p.  351),  G.4'l-4*4,  color  olive-green  to  brown;  Ltroconite  (p. 
352),  G.2-88-2  98,  color  sky-blue  to  veniigris-green  ;  Clinocla«ite  (p.  352),  G.  =8-6-^-8, 
color  dark -green  (some  libethenite,  Bee  b«low). 

2.  No  arsenical  fumes ;  reaction  for  mm ;  become  magnetic  after  fusion. 

a.  Anhydruiut.  -Reaction  for  titanium:  ScnoKLOMiTE(p.  315),  H.  =7-7*5,  G.=3*862, 
massive. — Reaction  for  tungsten:  Wt)LFUAMirK  (p.  3(51),  H.  =5-5  5,  G. =7  1-7  55. — Reac- 
tion for  manganese:  Triplite  (p.  347),  H. --3  44-3  88,  G.  =4-5*5,  colors  the  flame  bluish- 
green.  —Structure  micaceous  :  Lkpidomklank  (p.  291). 

b.  Hydrous.— Ovre  a  bluish -green  flame  B.B.  :  Vivianite  (p.  349),  H.=l'5-2,  G.=- 
2'58-2-68,  streak  colorleBS  to  indigo-blue  (on  exposure) ;  DuPKENiTK  (p.  356),  H,=3  5-4,  G. 
=  3  2-1^4,  streak  siskin-green. 

'.'•.  No  arsenical  fumes  ;  reaction  for  c.&pptr  with  borax,  yield  an  emerald-green  flame  B.B. 
(a)  Anhydrous.  — Ov.VMiTK  p.  244) ;  Tknoiutk  (p.  245),  color  steel-gray  to  black. 
(iS)  Hydrous. — Structure  micacoous  ;  ToHBEUNrrE  (p.  JJ5(>),  H.  =2-2*5,  G.  =3*4-3 'O, 
— LlIlETHKNITE  (p.  351),  H.=4,  G.  — 3(5-3-8;  PSKIDOMALACHITE  (p.  352),  H.=4*5-5,  G.= 
4-4*4.    Atacamite  (p.  239).     H.=3-;^5.     G.=3-8. 

II.  Streak  Uncolohed  :  sometimos  slightly  grayish,  yellowish,  etc. 

1.  Infusible,  or  Fusible  with  much  Difficulty. 

A.   Odatinize  with  Acid  forming  a  stiff  JeUy. 

a.  Reaction  for  iron  with  the  fluxes. 

Chrysolite  (p  278) ;  Ciionduodite,  Humite  (pp.  304-307),  yields  fluorine. 

b.  Reaction  for  zinc  on  charcoal,  after  being  heated  with  soda. 

(a)  Hydnms. — Calamine  (p.  317). 

()8    Anhydrous. — Willemite  (p.  279). 
e.  Reaction  for  aluminnm  ;  a  blue  color  with  col>alt  solution  after  ignition. 

Allophane  (p.  319).  amori)hou8. 
d.  Reaction  for  magnesium  :  pink  color  with  cobalt  solution  after  ignition. 

Sepiolite  (p.  327),  in  soft,  white,  compact  masses. 

B.  Bo  not  form  a  perfect  Jelly  with  Acid. 

1.  Hydrous. 

a.  Reaction  for  aluminum  :  a  blue  color  with  cobalt  solution  after  ignition. 

1.  PhospJiates :  give  a  bluish-green  flame  B.B.,  especially  after  being  moistened  with 
sulphuric  acid. -JJT  AVE  lute  (p.  354),  color  white  to  green  to  black;    Lazuute  (p.  353), 
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color  azure-blue,  with  borax  an  iron  reaction ;  TuRQUOls  (p.  355),  color  sky-blue  to  apple- 
grcen,  with  borax  a  copper  reaction. 

2.  Hydrous  silicates.  — Structure  micaceous  :  Margarite  (p.  335),  yields  much  water ; 
also  some  hydrous  micas  (see  p.  331).  The  Chlorites  (see  p.  333),  are  difficultly  fusible. — 
Kaolinite  (p.  329)  usually  compact,  soft,  unctuous ;  PYROPnYLLiTK  (p.  327),  soft,  yields 
much  water. 

3.  Oxides.— GIBB91TK  (p.  260),  H.=2-5-3*5,  usually  in  stalactitic  forms;  Diasporb 
(p.  257),  £[.=6*5-7,  in  crystals,  scales,  and  foliated,  usually  decrepitates  B.B. 

b.  Reaction  for  inagtiesium  :  a  pink  color  with  cobalt  solution  after  ignition. 

Bkccite  (p.  259),  soluble  in  acids  ;  Talc  (p.  326),  yields  water  only  on  intense  igni- 
tion.    Also  some  serpentine  (see  below). 

c.  No  Reactions  a«  above. 

Opal  (p.  266),  H.= 6-7.— Serpentine  (p.  328),  H.  =2  5-4;  Chloritoid  (p.  336), 
H.  =5*5-6:  Qenthite  (p.  329),  yields  a  reaction  for  nickel  with  borax. — Chrysocolla  (p. 
316),  H.=2-4,  colors  the  flame  emerald*green  (copper,. 

2.  Anhydrous. 

a.  Reaction  for  aluminum  :  (When  of  great  hardness,  pulverizing  is  necessary). 

(a)  Decomposed  by  acids.— Leuc it e  (p.  296)  H.  =5-5-6. 

(jB)  Structure  eminently  micaceous. — Muscovite  (p.  291). 

(7)  Corundum  (p.  245),  H.  =9,  G.  =4,  rhombohedxal. 

CnRYSOBERTL  (p.  252),  H.=8-5,  G.=3-7,  color  green. 

Topaz  (p.  810),  H.=8,  G.=3.5,  in  prisms  of  124^  cleavage  basal  perfect. 

Rubellitb  (p.  808),  H.=7.5,  G.  3,  in  three-  or  six-sided  prisms,  color  violet,  rose-red, 
reaction  for  boron  (p.  189). 

(  Anpalusite  (p.  809),  H.=7  5,  Q.=3  2,  in  prisms  of  9S\ 

<  Fibrolitb  (p.  J509),  H.  =6-7,  G.  3*2,  brilliant  diagonal  cleavage. 

(  Cyanite  (p.  310),  H.=5-7,  Q.=3*6,  usually  in  bladed  crystals,  color  blue  to  gray. 

b.  Reaction  for  magnesium  :  a  pink  color  with  cobalt  solution  after  ignition. 

Talc  (p.  326),  soft,  foliated,  yields  water  upon  intense  ignition. 
Enstatitb  pt  (p.  268),  H.=5'6.  cleavage  prismatic  93*'. 
Spinel  pt.  (p.  249),  H.=8,  commonly  in  octahedrons. 

e.  Reaction  for  Un :  metallic  globule  with  soda  in  charcoaL 

Cassiteritb  (p.  253),  G.  =6*4-7  1.    Also  some  Pyrochlore  (p.  837).  . 

d.  No  reactions  as  above. 

1.  Hardness  7  or  above  7. 

Spinel  (p.  249),  H.=8,  G.  =3  •5-4*1,  occurs  in  octahedrons. 

Gahnite  (p.  250),  H.  =7*5-8,  G. =4 '4-4*9,  octahedral,  when  mixed  with  borax  gives  a 
zinc  coating  on  charcoal. 

Beryl  (p.  277),  a  =7-5-8,  G.  =2-6-2*7,  always  in  hexagonal  prisms. 

Phenacite  (p.  279),  H.=7*5-8,  G.=3. 

OUVAROVITE  (p.  282),  H.=7*5,  G.  =3*5,  color  green,  chromium  reaction. 

ZmcoN  (p.  282),  H.=7*5,  G.  =4  •05-4-75,  zirconia  reaction  (p.  191),  often  in  square 
prisms. 

Staurolitb  (p.  314),  H.=7,  G.  =3  4-3-8,  always  crystallized,  /Ai=128'. 

loLiTE  (p.  289),  H.  =7-7*5,  G.=2*6,  color  blue,  lustre  glassy. 

Quartz  (p.  262),  H.=7,  G=2*6,  and  Tridymite  (p.  266),  G.=2-8. 

2.  Hardness  below  7. 

(a)  Give  a  bluish-green  flame  when  moistened  with  sulphuric  add ;  Xenotimb 
(p.  842) ;  MoNAZiTE  (p.  346) ;  Apatite  (p.  342). 

(jS)  Reaction  for  titanium. — Rutile  (p.  254) ;  Brookite  (p.  255) ;  Octahedritb 
(p.  255),  always  in  square  octahedrons;  Pkrofskite  (p.  248). 

(7)  Reaction  for  tungsten. — Scheelite  (p.  362),  H.=6,  G.  =4*5-5. 

(8)  Not  included  in  the  above  :  Enstatite  (p.  268) ;  Diallage  (p.  271) ;  Anthophtl- 
litb  (p.  278). 

B.  FU8IBLB. 

« 

1.  Oetatinizing  trith  Add :  farming  a  stiff  JeUy  upon  Evaporation.^ 
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1.  Hydrovs, 

a.  Hardness  6  or  above  5. 

Datolite  (p.  312),  in  glassy  crystals,  also  rarely  massiye.  never  fibrous,  fuses  with  a 
green  flame  (boron). 

Natrolite  (p.  820),  G.=2'17-2'25,  fuBes  quietly  and  easily  to  a  colorless  glass. 

ScoLECiTE  (p.  321),  TiiOMSONiTE  (p.  320),  on  fusion  often  ourl  up  in  worm-like 
forms. 

b.  Hardness  below  5. 

GMELUfiTE  (p.  323),  H.=4-5,  in  hexagonal  or  rhombohedral  crystals. 
PuiLLiPSiTB  (p.  323),  H.  =4-4-5,  in  twinned  crystals. 
Laumontite  (p.  316),  H.  =3*5,  becomes  opaque  on  exposure. 
Pectolite  and  Analcite  are  decomposed  by  acid  with  the  separation  of   gelatinous 
silica,  but  do  not  form  a  stiff  jelly. 


2.  Anhydrous, 

a.  With  hydrochloric  acid  give  off  sulphuretted  hydrogen. 

Danalite  (p.  280),  with  soda  od  charcoal  given  a  zinc  coating,  color  flesh-red  to  gray. 
Hklvite  (p.  280).  manganese  reaction  wi^  borax,  color  yellow. 

b.  With  Rod  a  on  charcoal  a  sulphur  reaction. 

HaCynite   p.  296),  color  sky-blue. 
e.  SoDALiTE  (p.  295),  reaction  for  chlorine. 

WoLLASTONiTE  (p.  269),  color  white,  lustre  vitreous. 
Nepuelite  (p.  294),  hexagonal. 


2.  Do  not  form  a  perfect  Jelly  with  Ilydroehlorie  Acid. 


Hydrous. 

1.  Structure  eminently  micaceous. 

Chlorites :  Pennintte  fp.  333) ;  Ripidolite  (p.  334) ;  PROCin.ORiTE  (p.  335) ;  lamins 
tough  but  not  elastic,  colors  green  to  black  ;  only  partially  attached  by  acid. 

VermicuUtes :  Jbffbrisitk  (p.  3»'J3)  ;  nlso  pyrosclerite,  etc.,  colors  mostly  brown- 
yellow,  also  green,  B.  B.  exfoliate  largely,  decomposed  by  acid  with  the  separation  of  silica. 

Lepidomelane  (p.  291),  color  black,  yields  a  magnetic  globule. 

ArTUNiTE  (p.  357),  H.=2-2-5,  color  bright  yellow. 

FAiiLUNrTE  (p.  331),  has  a  more  or  less  distinct  micaceous  structure. 

2.  Structure  not  micaceous. 

1.  Reaction  for  iron  :  leave  a  magnetic  residue  on  charcoal. 

(o)  Arsemttes:  give  arsenical  fumes  on  charcoal.— Scorodite  (p.  353),  orthorhombio  ; 
Pharmacosiderite  (p.  354),  isometric. 

{$)  Phosphates  :   give  a  bluish-green  flame  after  moistening  with  sulphuric  acid. — 
Ciiildrenite  (p.  355),  reacts  for  manganese,  fuses  only  on  the  edges,  H.  =4*5-5. 
ViviANiTE  (p.  349),  H.  =1  5-2,  fuses  easily  to  a  magnetic  globule. 

2.  Reaction  for  arsenic  on  charcoal. 

PnARMACOLITE  (p.  348). 

8.  Borates  :  give  a  deep-green  flame  after  moistening  with  sulphuric  acid. 

Borax  fp.  359);  Boracite  (p.  359) ;  Ulexite  (p.  359);  Sussexite  (p.  358). 
4.  Not  included  above. 

(o)  Hardness  5,  or  above  5  (apatite =5). 

Prkiinite  (p.  318),  H.=6-6*5,  color  apple-green  to  white. 

Analcite  (p.  321),  H  =5^  5,  fuses  quickly  to  a  clear  glass. 

Pectolite  (p.  315),  H.=5,  usually  in  aggregations  of  acicular  crystals. 

AropnYLLiTB  (p.  318),  H.  =4*5-5,  B.B.  a  violet-blue  flame. 
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(j3)  Hardness  below  5. 
Finite  (p.  330),  H.=2-5-3-5,  compact. 
Paciinolite  (p.  243),  H.=2-4,  yields  fluorine. 
Ghabazitb  (p.  3?^),  H.=4-5,  rhombohedral. 
Apopiiyllite  (p.  318),  H.  =4-5-5,  tetragonal. 
Harmotohe  (p.  324),  H.=4'5,  asaally  in  compoond  crystals. 
Stilbite  (p.  834),  H.=3-5-4. 
Heulanditb  (p.  325),  H.=8-5-4. 

Anhydrous. 

1.  Yield  metallic  lead  with  soda  on  charcoal. 

Pyromorphite  (p.  344),  color  green,  gives  a  bluish-green  flame  on  fusion. 
MiMETiTB  (p.  344),  color  yellow  to  brown,  yields  arsenical  fumes  on  charcoal. 
Vanadinitb  (p.  344),  color  brownish-yellow  to  reddish-brown,  with  borax  R.F.  an 
emerald-green  bead. 

WuLFENiTR  (p.  362),  color  bright  yellow  to  red,  reaction  for  tungsten. 

2.  Reaction  for  fluorine^  with  sulphuric  acid. 

(a)  Give  a  bluish-green  flame  after  moistening  with  sulphuric  acid. 

Amblyoonite  (p.  347),  gives  a  lithia-red  to  the  flame. 

Triplite  (p.  347),  a  strong  manganese  reaction. 

Waoneritk  (p.  346),  color  yellow  to  grayish. 

(j8)  Fluorite  (p.  241),  cleavage  octahedral,  perfect. 

Cryolite  (p.  242),  fusible  in  the  flame  of  a  candle. 

Lep£DOI«ite  (p.  292),  color  pink,  structure  micaceous. 

3.  Reaction  for  lithia  :  give  a  purple-red  color  to  the  flame. 

Spodumene  (p.  273),  H.=6-5-7,  G.=3  13-319. 

Trfphylite  (p.  347),  H.  =5,  G.  =3  54-3  0,  gives  a  bluish-green  color  to  the  extremity 
of  the  flame. 

The  mica  lepidolite,  and  also  some  biotite,  give  a  lithia  flame. 

4.  Reaction  for  iron  with  the  fluxes. 

Vksuvianite  (p.  283),  tetragonal,  H.=6'5. 
Epidote  (p.  285),  monoclinic,  H.=tt*7. 
Garnet  pt.  (p.  280),  is  isometric,  H.  =6  •5-7*5. 
Lepidomelane  (p  291),  structure  micaceous. 
HYPER8THENR  (p.  268),  orthorhombic 
Here  fall  also  dark-colored  varieties  of  Amphibole  (p.  274),  and  Pyroxene  (p.  270). 

5.  Reaction  for  manganese  with  borax. 

RnoDONiTB  (p.  272),  color  usually  rose-red. 
Spessartite  (manganese  garnet,  p.  282). 

6.  Reaction  for  titanium. 

Tjtanite  (p.  313). 

7.  Reaction  for  tungsten. 

Scoeelitr  (p.  362). 

8.  Not  included  in  the  above. 

Halite  (p.  237),  Sylvite  (p.  238),  soluble  in  water. 

Micas  (pp.  289-292),  structure  eminently  micaceous. 

Apatite  (p.  342),  H.  =5,  G.  ^=2*9-3-25,  a  bluish-green  flame  after  moistening  witn 
anlphuric  acid. 

Pyroxene  (p.  270),  H.=5-6,  G.=3  2-3  5,  monoclinic,  angle  of  prism  93*. 

AHPniBOLB  (p.  274).  H.=5-6,  G.  =2*9-3*4,  monoclinic,  angle  of  prism  (cleavage 
perfect)  124i\ 

Scapolites  (pp.  293,  294),  H.  =5-6-5,  G.  =2*5-2  8,  tetragonal;  B  B.  fuse  with  intu- 
mescence to  a  blebby  glass. 

ZoisiTE  (p.  286),  H.=6-6-5,  G.  =3*1-3  38,  orthorhombic  ;  B.B.  swells  up  and  fuses  to 
a  blebby  glass. 

Feldspars  (pp.  297  to  304),  H.  =6^7,  G.  =2*6-2-8,  cleavage  in  two  directions  at  right 
angles  or  nearly  so ;  B.B.  fuse  quietly  to  a  clear  glass. 

AxiNiTB  (p.  288),  H.=6  5-7,  G.=3-27;  B  B.  reaction  for  boron 

Tourmaline  (p.  307),  H.  =7,  G.  =2 -9-3  3  ;  no  distinct  cleavage,  commonly  in  three- 
or  six-sided  prisms  ;  B.B.  reaction  for  boron. 

Garnet  (p.  280),  H.=6-5-7*o,  G.=315-4*3,  iaometria 
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TABLB     n. 

Minerals  Arranged  According  to  their   CrystaUizatuyn, 

The  foUowing  table  contains  the  names  of  all  distinct  species  whose  CiystalUne  STstem  is 
known.  For  convenience,  however,  the  names  of  those  which  are  described  in  detail  in  the 
body  0^  the  work  are  printed  in  small  capitals.  The  species  are  arranged  aocording  to  theii 
specific  gravities. 

I.  CRYSTALLIZATION  ISOMETRIC. 

A.    LUSTIIE   UN METALLIC. 


Spec.  Gravity ',  Hardnesii 


Sal  Ammoniac  (p.  238) . . 

1-53 

1  -5-2     ! 

Alum  (p.  373) ^. . . 

1  -56-2 

2-2  5     ; 

Fanjasite  (p.  322) 

1-92 

5 

Sylvitk  (p.  2:J8; 

1-9-2 

2 

Halite  (p.  2:^7) 

2  1-2 -26 

2-5 

Ohlorocalcite  (p.  238)... 

Kremersite  (p.  239) 

Soda  LITE  (p.  295) 

2  14-2 -4 

5-5-0 

Analcite  (p.  321) 

2  2-2-29 

5-5  5 

Nosite  (p.  296) 

2  2,5-2-4 
2  4 

5-5 

Ralstonite  (p.  243) 

4  5 

HaOynite  (p.  29(5) 

2  4-2  5 

5-5-5 

Lkitcite  (p.  296) 

2  4-2  56 

5-5-6 

01dhamitc(p.  213).. 

2-58 

4 

PoUucite  (p.  277) 

2-9 

6-5 

Puarmacosiderite   (p. 

354) 

2-9-3 
2  97 

2-5 

BORACITE  (p.  359) 

7 

Fluorite  (p.  241) 

319 

4 

Helvite  (p.  280) 

3  1^^-3 

6-6-5 

Garnet  (p.  280) 

3-15-4-3 

6-5-7-5 

Dana  lite  (p.  280) 

3-4J^ 

5-5-6 

Hauerite  (p.  222) 

8-46 

4 

Diamond  (p.  206) 

8-53 

10 

Periclasitc  (p.  245) i 

Arsenolite  (p.  262) ; 

Nantokite  (p.  238) | 

Spinel  (p.  249) ; 

Hercynite  (p.  250) 

Alabandite  (p.  215) 

Percylite  (p.  240) 

Sphalerite  (p.  215). . . . 

Pkropskite  (p.  248) 

Chrompicotite  (p.  252)... 

iTritomite  (p.  318) '< 

Pyrochlore  (p.  337)...' 

Pyrrhite  (p.  3:^7) 

Gaiinite  (p.  250) 

Thorite  (p.  318) 

Senarraontite  (p.  262). . . 

■Embolite(p.  2:38) 

Microlite  (p.  -VM) 

Cerar(*yrite  (p.  238). . 
Iluantajayite  (p.  237) . . . 

Bromyritc  (p.  2:j8) 

iCUPRITE  (p.  244) 

lEulytite  (p.  280) 

Bunsenite  (p.  245) 


3-67 

6 

3-70 

1-5 

3-93 

2-2  5 

3  5^1 

8 

3-9-3-95 

7-5-8 

3-95-4 

3-5-4 

2-5 

3  9-4  2 

3-5-4 

4  04 

55 

4-12 

8 

3-9-4-7 

55 

4-2-4  35 

5-^-5 

6 

4-4-6 

7-6-« 

4  3^') -4 

4-5^ 

5-2-^3 

2-2-5 

5-3-5-4 

1-1-5 

5-5 

5^-5 

1-15 

5-8-6 

2-3 

5-8-615 

85-4 

5-9-6 

4-5 

6-4 

5  5 

B.  Lustre  Metallic. 


Spec.  Gnivity  Hardneas. 


Cubanite  (p.  223) 

PKROP8KITE  (p.  248) 

Chromite  (p.  252) 

Tennantite  (p.  234). . . 

Binnite  (p  229) 

Magnesioferrite  (p.  251). 

Jacobsite  (p.  250) 

Corynite  (p.  225) 

BORNITE   (p.  215) 

Tetraiiedrite  (p.  233). 

LiNN/!«:iTE  (p.  223) ; 

Pyrite  (p  221) 

Ma(4Netitb  (p.  250). . . . 
Frank linite  (p.  251).. 

Julianite  (p.  2:34) , . 

Granauite(p.  215) 

Gersdorfpitk  (p.  224). 

Cobaltite  (p.  3S&) 

Ullmannite  (p.  225). . 


4  03-4-2 

4 

4-04 

5-5 

4 -3^ -6 

5-5 

4-4-4-5 

3-5-4 

4-48 

4-5 

4-6 

6-6-5 

4-75 

6 

4-99 

4-5-5 

4-4-55 

3 

4-5-5-1 

8-4-5 

4-8^ 

5-5 

4-8-5-2 

6-6-5 

4-9^-2 

5  5-^  5 

507-5-09 

5-5-6  5 

5-12 

soft 

513 

4-5 

5-6^-9 

5-5 

6-6-3 

5-5 

6-2-6-5 

5-5-5     . 

Smaltite  (p.  223) . . . 
Skutterudite  (p.  224). 
Polyargyrite  (p.  235).  . 

Laurite  (p.  225) 

Uraninite  (p.  252). . . . 
Argkntite  (p.  213). . 
Galenite  (p.  213).. . 

Iron  (p.  204) 

Metacinnabarite  (p.  219) 
Claustualite  (p  214 
Naumanuite  (p.  213 1. . 

Altaite  (p.  215) 

Copper  (p.  203) 

Silver  {p.  20 L) 

Palladium  (p.  202). . 

Amalgam  (p.  203) 

Gold  (p.  199) 

Platinum  ^p.  201)... 
Platiniridium  (p.  202) 


6  4-7 

6-7-6-8 

6-97 

6-99 

6-4-8 

7-2-7-4 

7-25-7  7 

7-3-7-8 

7-5-7-7 

7-(J-8-8 

8  0 

8-16 

8-84' 

10-1-11-1 

11  •3-11-8 

14 

15-6-19-5 

16-19 

22-6-23 


HardneMA. 


5  5-6 
6 

2-5 

7 (above) 
5-5 
2-2-5 
2  5-3 
4-5 
8 

2  5-4 
2-5 
3-^3-5 
2  5-3 
2-5-3 
4  5-5 
3-3-5 
2-5-3 
4-4-5 
6-7 


DETESHINA'nON   OF   UINEBAL8. 


441 


The  commonly  occurring  forms  of  some  of  the  Isometric  minerals  are  as  follows : 
1. — Octahedrons. — Alum;  Cbromite;  Cuprite;  Diamond;  Franklinite;  Magnetite;  Micro- 
lite  ;  Pyrochlore ;  Balstonite :  Spinel  (incl.  hercynite,  etc.).     Also  Laurite  ;  Pyrrhite  ;  Senar- 
montit^,  and  less  commonly  Galenite ;  Fluon'te. 

*    2.   Ctibes. — Boracite;    Cerargyrite ;    Fluorite;    Galenite;    Halite;    Percylite;    Perofskite ; 
Pharmacofiiderite ;  Pyrite ;  Sylvite. 

3.  Dodecahedrons. — Amalgam;  Cuprite;  Garnet;  Magnetite. 

4.  Trapezohedrons. — Garnet ;  (?)  Leucite ;   (?)  Analcite. 

5.  Pyritohedrons, — Cobaltite  ;  GersdorflRte ;  Hauerite  ;  Pyrite. 

The  Cleavage  of  Halite,  Sylvite,  Periclasite,  Galenite  is  eminently  cubic ; — of  Fluorite, 
Magnetite,  Diamond  eminently,  octaficdral; — of  Sphalerite,  eminently  dodecahedral. 

IL  CRYSTALLIZATION  TETRAGONAL. 
A.  LUSTKE  Unmetalltc. 


Memte(p.  390) 

Apophyllitb  (p.  318). . 

LoBweiie  (p.  372) 

Leucite  (p.  29($) 

8arcolite(p.  294) 

Wernerite  (p.  294) 

Meionite  (p.  293) 

Edingtonite  (p.  319) 

ChioUte  (p.  242) 

Sellaite  (p.  242) 

Gehlenite  (p.  309) 

Mellilite  (p.  284). 

Chodneffite  (p.  242) 

Zeuncrite  (p.  357) 

Vbsuvianite  (p.  283).. 

TORBERNITE  (p.  356) .  .  . 

KocheUte  (p.  341) 


Spec.  Gravity 

HardnesK. 

1  -55-1  -65 

2-2-5 

2  3-2-4 

4-5-5 

2-38 

2-5-3 

2 -4-2 -56 

5-5-6 

2 -5-2 -9 

6 

2-63-2  8 

5-6 

2-6-2-74 

5.5-6 

2-7 

4-4-5 

2  7-2-9 

4 

2  97 

5 

2 -9-3 -07 

5-5-6 

2-9-3  1 

5 

30 

32 

a-2-5 

8-35-3  45 

6-5 

3-4-3-6 

2-2-5 

3-74 

3-3-5 

Adelpholite  (p.  341).... 

|0C1  AHEDllITE  (p.  255). 

RuTiLE  (p.  254) 

IXenotime  (p.  342) 

ZiucoN  (p.  282) 

lAzorite  (p.  337) 

Romeite  (p.  348) 

Moniraolite  (p.  348). . . . 
SCHKELITE   (p.  362)... 

'Phosgenite  (p.  386).. 

Calomel  (p.  238; 

(Cassiterite  (p.  253).. 
WrLFENITE  (p.  362x  . . 

jEosite  (p.  363) 

Matlockite  (p.  240) 

Stolzite  (p.  362) 


Slice.  Gravity 


3-8 

3-8-3-95 

4-18-4-25 

4-45-4-56 

4-4-75 

4  7 

5-94 

5-9-6  08 

6-6-3 

6-48 

6-4-7-1 

6-7-01 


7-2 
7-9-8-13 


HardneflR. 

3-5-4-5 

5-5-6 

6-6-5 

4-5 

7-6 

5-6 

4-5-5 

4-5-5 

2  75-3 

1-2 

6-7 

275-3 

3-4 

2  75-3 

2  75-3 


B.  Lustre  Metallic. 


Ohalcopyrite  (p.  222). 

Stannite  (p.  223) 

Hauamannite  (p.  255) . . . 
Braunite  (p.  255) 


Spec.  Gravity  Hardness 


4-1-4-3 
4-3-4-5 
4-72 
4-75-4-8 


3-5-4 
4 

5-5-5 
6-6-5 


Fergusonite  (p.  240) . . 

Nagyaoitb  (p.  227) 

Tapiolite  (p.  339) 


Spec.  Gravity 


5-84 

6-85-7-2 

7-36 


Hardnen. 


5-8-6 
1-1-5 
6 


IIL  CRYSTALLIZATION  HEXAGONAL. 
A.  Lustre  Un  metallic. 


Ettringite  (p.  873) 

Coquimbite  yp.  373) 

Gmelinite  (p.  323)  R*. 
Chabazfte  (p.  322)  B. . 

Levynite  (p.  32ltR 

Tridymitk  (p.  266). . . . 

Hallite(p.  333) 

Cancrinite  (p.  295).  ...... 

Chalcophyllite  (p.  352). . 
Nephelite  (p.  294) 


Spec.  Gravity 

Ilardncm. 

1-75 

2 

2-2-1 

2-2-5 

2-04-2-17 

4-5 

2-08-2-19 

4-5 

21-2-16 

4-4-5 

2-28-2  33 

7 

2-4 

2-4-2-5 

5-6 

2-4-2  66 

2 

2-5-2-65 

5-5-6 

Spec  Gravity  Hardneea. 


Pyrosmalite  (p.  318) 

Dreelite  (p.  368)  R 

Magnesite  (p.  380)  R. . 
Cronstedtitc  (p.  335). . . . 

DiOPTASE  (p.  279)  R 

Rhodochrosite  (p.  381) 

R 

Volborthite  (p.  352). . . . 

Brucite  (p.  259)  R 

SiDERITE  (p.  381)  R 


3-3  2 

3-2-3-4 

3-3 

3-35 

3-35 

3-4-3-7- 
3-55 
3-6-4 
3-7-3-9 


4-4-5 
3-5 

3-5-4-6 
2  5 
5 

3-5-4-5 
3-3-5 
2-5 
3-5-4-5 


*  Species,  after  whoee  names  an  i?  is  written,  belong  to  the  Bhombohedral  Divisioii. 


i43 


APPENDIX. 


Spec.  Qravit>' 

Hardness. 

Spec  On,ritj 

HardnoB. 

Quartz  (p.  262)  R. 

Calcite  (p.  376)  R 

Microsomraite  (p.  295) . . 

Aluiiite  (p.  374)  R 

Beryl  (p.  277) 

Penninite  (p.  333)  R.. 
y  BlOTITE  (p.  290) 

2-5-2-8 

2 -5-2 -78 

2  60 

2-6-2-75 

2-6-2-76 

2-6-2-85 

2-7-3  1 

2-8 

2-8-2  9 

2-8-2-96 

2-9-3 

2-94-3-3 

2 -95-3  1 

2-9-3  25 

2  96-3 

3 

3-3-1 

3-07 

3-32 

7 

2-5-35 

6 

3-5-4 

7-5-8 

2-2-5 

2-5-3 

6 

3-5-4 

1-2 

5-5 

6-5-7-5 

3-5-4 

5            i 

8 

3 

4-5 

4-75 

4-4-5 

Wnrtzite(p.  220) 

Corundum  (p.  245)  R.. 
WiLLEMITE  (p.  279)  R. . 
Smitiibonite  (p.  382)  R. 

iParisite  (p.  386) 

Covellite  (p.  227) 

Cerite  (p.  318) 

8-98 

8-9-4-16 

3«-4-3 

4-4-45 

4-35 

4-6 

4-91 

4-7 

3-8^ 

5-4-5-7 

5-5-5-7 

5-4-5  56 

5-7-5-9 

5-7-6-3 
6  55 
6-5-71 
6-7-7  23 
7-7-25 

35-4 

9 

5-5 

5 

4-5 

1-5-8 

5-5 

Catapleiite  ip.  317) 

Dolomite  (p.  379)  R. . . 
'^Prochlorite  (p.  335). 

Eudialyte  (p.  277)  R 

Tourmaline  (p.  307)  R. 
Ankerite  (p.  380)  R. . . 

Apatite  (p.  ;M2) 

Phenacite  (p.  279)  R 

Fluocerite  (p.  242) 

Gkeenockite  (p.  220). . 

ZlNClTE  (p.  244) 

lodyrite  (p.  238) 

PRorsTiTE  (p.  231)  R. . . 

Pyrargykite  (p.  230i  R. 

Schwaitzembergite      (p. 

240) 

4^ 

3-8-5 
4-4^ 

soft. 

2-S-5 

a-2-6 

2-2*5 

Lkpiuomelane  (p.  291). 

Seybertite  (p.  336) 

Friedelite(p.  280)  R... 
Breunerite  (p.  380)  R. . . 

SuRAiinite  (p.  369)  R.... 
Pyromorphitb  (p.  2J44) 
Vanadinite  (p.  345). . . 
MiMETlTE  (p.  344) 

2  5 
3-5-4 
2-5-8 
8^ 

B.  Lustre  Metallic. 


Spec.  Gravity  IlardnesR. 


_  I. 


Graphite  (p.  208) 

Ghalcophanite  (p.  261). 
Pyrrhotite  (p.  219). . 
Molybdenite  (p.  211). 
Menaccanite  (p.  247)  Rl 
Hematite  (p.  246)  R...! 

Beyrichite  (p.  219) 

MiLLEKITE  (p.  219i  R. . 

ZiNCITE  (p.  244) 

Pyrargyrite  (p.  230)  R 
Arsenic  (p.  204)  R 


21-2-2;] 

1-2 

3-91 

2-5 

4-4-4-7 

3-5-4-5 

4-4-4-5 

1-1-5 

4-5-5 

5-6 

4-5-5-3 

5-5-6-5 

4-7 

3-;J5 

4-6-5-66 

;^^5 

5  4-5-7 

4-4-5 

5-7-5-9 

2-2-5 

5-93 

3-5 

Tellurium  (p.  205). . . 
Allemontite  (p.  205)... 
Antimony  (p.  205)  R.. 
Tetradymite  (p.  211) 

NiCCOLITE  (p.  220) 

Hreithauptite  (p.  221).. 

JoReite  (p.  211) 

Wehrlite(p.  211) 

Cinnabar  (p.  218)  R.. 

BisMUTu  (p.  205) 

Iridosmine  (p.  202). . . 


Spec.  Qrayity 


61-6-3 

6  13-6-2 
6-6-6-7 
7-2-7-9 
7-3-7-7 
7-54 

7  93 
8-44 
9-0 
9-73 

19  3-21 


2-2-5 

8^-6 

8-3-5 

2 

5-5« 

5-5 

soft. 

1-2 

2-2  5 

2-2-5 

6-7 


IV.  CRYSTALLIZATION   ORTHORHOMBIC. 
A.  Lustre  Un metallic. 


Stnivite  (p.  349) 

Lecontite  (p.  370) 

Apbthitalite  (p.  868) 

Muscognite  (p.  370) 

Epsom iTE  (p.  372) 

Fauserite  ^p.  372) 

Nitre  (p.  357) 

Erythroaiderite  (p.  239). 

Goslarite  (p.  373) 

Sulphur  (p.  206) 

Stilbite  (p.  324) 

PniLLiPsiTE  (p.  323). . . 

Natrolite  (p.  320) 

Pilinite  (p.  322) 

Gi«iuondite  (p.  319) 

Eudnophite  (p.  322) 

Epistilbite  (p.  325) 

Thomsonite  (p.  320). . . 
Wavkllitb  (p.  854). . . . 


Spec.  Gravity 

Hanlnciw. 

1-65-1*7 

2 

2-2-5 

1-73 

3-J^5 

1-73 

2-2-5 

1-75 

2-2  5 

1-89 

2-2-5 

1-94 

2 

2-04 

2-2-5 

2-07 

1-5-2-5 

2-09-2-2 

3-5-4 

2-20 

4-4-5 

217-2-25 

5-55 

2  26 

2  265 

4-5 

2-27 

5  5 

2  25-2-36 

4-4-5 

2  3-2-4 

5-5  5 

2-34 

3-4 

SCORODITE  (p.  353) 

Foreterite  (p.  278) 

ZoisiTE  (p.  286) 

Dufrenite  (p.  356) 

Calamine  ;p.  317) 

V  Astrophyllite  (p.  291). . 
Hypersthene  ^p.  268). 
Euchroite  vp.  351). . . .. . 

DiASPORE  (p.  257) 

Chrysolite  (p.  278). . . 
Uranospinite  (p.  357). . . 

Oupimknt  (p.  209) 

Guariuite  (p.  314) 

Langite  fp.  375) 

Triphylite  (p.  347)... 

Topaz  (p.  310y 

Ardennite  (p.  288) 

Triplite  (p.  347) 

Staurolitb  (p.  314) . . . 


Spec.  Gravity 


3  1-3-3 

3  2-3-33 

3-1-3-38 

3-2-3  4 

3-16-3-9 

3-32 

3-39 

3-39 

3-3-3-5 

3-3-35 

3-45 

3-48 

3-49 

3-5 

3  54-3-6 

3-4-3-68 

3-62 

3-4-3-8 

3-4-3 -8 


Hanlna 

8-5-4 

6-7 

6-6-5 

3-5-4 

4-5-5 

3 

5-6 

8-5-4 

6-5-7 

6-7 

2-3 

1-5-3 

6 

2-5-8 

5 

8 

6-7 

4-5-5 

7-7-5 


DBTERMINATION   OF   MINERALS. 


443 


Foresite  (p.  325) 

Kaolinite  (p.  329) 

Peganite(p.  356) 

Kieserite  (p.  372) 

lOLlTE  (p.  289) 

Lanthanite  (p.  388). . . 

Talc  (p.  326) 

Aspidolite  (p.  290) 

Pyrophyllitb  (p.  327). 
Phlogopitb  (p.  290) . . . 

Haidingeiite  (p.  349) 

Preunitb  (p.  318) 

Lbpidolitb  (p.  292) 

CryophjUite  (p.  293). . . . 

Akaoonitb  (p.  383) 

Anhtdritb  (p.  367) 

Leucophanite  (p.  278) . . . 

Hetderite  (p.  348) 

ViUaraite  (p.  318) 

TMaboarite  (p.  335).. 

Pluel]ite(p.  242) 

Manganooalcite  (p.  384) . 

Diaclasite  (p.  269) 

Kupfferite  (p.  274) 

Seybertite  (p.  336) 

TyroUte  (p.  352) 

AUTDNITE  (p.  357) 

Antuophyllite  (p.  273) 

ANDALU8ITE  (p.  309) .  .  . 

HUMITE  (p.  305) 

Montioellite  (p.  278^ .... 

GlULDKENITE  (p.  355).  . 

Enstatitb  (p.  268) 


Spoo.  Gravity 


2-41 

2 -4-2  03 
2-5 
2-52 

2 -56-2 -67 
2  6-2-67 
2  6-2  8 
2-72 
2 -75-2 -9 
2 -78-2 -85 
2-85 
2&-2-9 
2  84-3 
2  91 
2-93 

2  9-2-98 
2-97 

2  98 
2-99 
2-99 

304 

3  06     • 
3-08 
3-3  1 
3-31 

3 -05-3  19 
3-1 -13 -2 
3  1-3-2 
3  1-3-24 
3-3  25 
318-3-24 
3  1-3  3 


Hardnctp). 


1-2-5 
3-3  5 
25 
7-7-5 

2  5-3 
1-1-5 
1-2 
1-2 
2-5-3 

1  -5-2-5 
6-6-5 
2-5-4 
2-25 

3  5-4 
3-3-5 
3-5^ 
5 

4^ 

3-5-4-5 
3 

4-5 

3-5-4 

5-5 

4-5 

1-2 

2-2-5 

5  5 

7  5 

6-6-5 

5-5-5 

4-5-^ 

5-5 


CHRYSOBHRYL  (p.  252) . 

Asmanite  (p.  266) 

Strontianite  (p.  384) . ' 

Knebelite  (p.  278) '■ 

iLibetitenite  (p.  351). . 

Bromlite  (p.  384) 

Atacamite  (p.  239) 

Claudetite  (p.  262) 

Hortonolite  (p.  278) 

Celestite  (p.  366) 

Roepperite  (p.  278) 

Stembeigite  (p.  218) 

Cervantite  (p.  262) 

Tephroite(p.  278) 

?  Brookite  (p.  255) 

|G(>TUiTE  (p.  258) 

Olivenite  (p.  351) 

WlTHERITE  (p.  384) 

'Barite  (p.  365) 

Molybdite  (p.  262) 

|EUXEHITE  (p.  340 J 

PolyinigTiite  (p.  340). . . . 

Polycrase  (p.  340) 

-^SCHYNITE  (p.  340) 

Cotunnite  (p.  239) 

Valentinite  (p.  262) . . 

Desoloizite  (p.  345) 

Pucherite  (p.  345) 

ANGLE81TE  (p.  367) 

Leaduillite  (p.  868) . . 

Ceruwjite  (p.  385) 

Nadorite(p.  348) 

Mendipite  (p.  240) 


3-5-3-84 

3-62 

3-C-3-71 

3-71 

3-6-3-8 

3-7 

3-76-3-9 

3-85 

3  01 

3-9-3-98 
3-98-408 
4-21 

4  08 
4-4-12 

4  03-4-23 

4-4-4 

41-4-4 

4-3 

4-3-4-7 

4  5 
4-6-5 
4-7-4-85 
5-1 
4-9-5-14 

5  24 
5-57 
5-84 

5  91 
6-1-6-39 

6  26-6  44 
6-48 
7-02 

7-7  1 


Hardneea. 


8-5 

5-5 

3  5-4 

6-5 

4 

4-4-5 

3-3-5 

6-5 

3-3-5 

5-5-6 

1-1-5 

4-5 

5-5-6 

5-5-6 

5-5-5 

3 

3-8-75 

25-3-5 

1-2 

6  5 

65 

5-5 

5-6 

soft. 

25-3 

3-5 

4 

2-75-3 

2-5 

8-3-5 

3 

2-5-8 


B.  Lustre  Metallic. 


Ilvaitb  (p.  287) 

Manganite  (p.  258) 

GhalcoBtibite  (p.  228)... 

Bnargite  (p.  235) 

Epigenite  (p.  236) 

Spathiopyrite  (p.  224) . . 

Stibnitb  (p.  210) 

Famatinite  (p.  236)   .... 
KlaprothoUte  (p.  229). . . 

Marc ABiTB  (p.  225) 

LiYingstonite  (p.  210). . . 

Stylotypite  (p.  232) 

Pyrolusite  (p.  256)... 

Wittichenite  (p.  232) 

Chianajuatite  (p.  211)... 

Emplectite  (p.  228) 

Zinkenite  (p.  228) 

Sabtorite  (p.  228) 

Samarskitb  (p.  889) . . . 

Dufbbnoysitb  (p.  229). 

Yttbotantalitb      (p. 

889) 


Spec.  Oravity 

Hardness. 

3-7-4-2 

5-5-6 

4-2-4-4 

4 

4-25-5 

3-4 

4-44 

3 

3  5 

4-5 

6-7 

4-52 

2 

4-57 
4-6 

4-7-4-85 
4-81 

4  79 
4-82 
5 
515 

5  1-5-26 
5  35 
5-39 

5-45-5-7 
5-5-5  6 

5-4-5-9 


3o 

2-5 

6-6-5 

2 

3 

2-2  5 

3  5 

2-2-5 

3-3-5 

3 

5-5-6 

3 

5-5-5 


Jamesonite  (p.  229). . 
Chalcocite  ^p.  217). 

COLUMBITE   (p.  338).  . 

Bouknonite  (p.  231) .. . 

Diaphorite  (p.  230) 

Glaucodot  (p.  226) 


Aikmite(p.  232) 

Polybasite  (p.  235).. 
iStephanitb  (p.  234). 
I  Stromeyerite  (p.  218). 
'Wolfachite  (p.  225)... 


Areenopyrite  (p.  225) 
Jordanite  (p.  229)... 
Geocronite  (p.  2iJ5) . . 

AUoclaaite  (p.  226) 

Bismuthinite  (p.  210) 
Leucopyrite  (p.  226). . 
Lolllngite  (p.  226).  1.. 
Acanthite  (p.  217)  . 
Tantalite  (p.  337)  . 
Hessite  (p.  216).  ... 
Dyscrasite  (p.  212) . . 


Spec.  Orarity!  Hardnean. 


5-5-5-8 

5-5-5-8 

5-4-6-5 

5-7-5-9 

5-90 

6  0 

61-6-8 

6-21 

6  27 
6-2-6-3 
6-37 
6-6  4 
6-4 

6-4-6-6 
6-6 

6-4-7-2 
6-2-7-3 
6-8^-7 

7  16-7-3 
7-8 

8-3-8-6 
9-4-9  8 


2-3 

2  5-3 

6 

2-5-3 

2-5-3 

o 

2-2  5 

2-3 

2-2-5 

2  5-3 

5-5 

5-5-6 

2-3 
4-5 
2 
5-5-5 

2-5 
6^-5 
2-3-5 
3-5-4 
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CRYSTALLIZATION  MONOCLINIC. 


A.  LvsTRE   Unhbtallic. 


Nitron  (p.  as6) 

UiH*Bii.iTB  (p.  370),.., 

BllRAI!  (|»-  SSflj-    I 

Oopperai  (p.  373) 

tiAT-LUgglTK  .p.  aUT!..,^ 

Botryogan  :p.  373) i 

WhewellJCe  (i>  300) 

THONAIp.  aBOi 1 

H;dTomBgiieBile  ip,  ;W7j. 

ScOLiWITS  (p.  3S1) 

HKDi,A(rurrK  (p.  335), . . 
Oypbuu  (p.  a"0) I 

OlUBHlTli    (p.   200) I 

Syogeoite  (p.  y73j I 

LA1.1MUNT1TK  IP,  Sllii... 

Brew6t«rito  (p.  .l^Tij ' 

Petalite(i>,  27;!; 

HAHMOTriMK  |p.  334).. 
OUTIIOCLA^E  ([I.  H03).  . 

ViviASiTK  >;p.  a4fl)  . . . 
EiPiDoi.iTB  (p.  334). , , 

PKCTOI.rTB  \p.  31.')),  .  . 
PHAUMAtOMTIC  [p.  34H 

GLADSKKlTKlp,  3li0i.. 
?Mrsi'nvrTK  {p.  2Ui),.. 
Taalite  {p.  '^Vi     

WOLLASTOMTK  (p.  aiOj 

3)AT01,lTK(p.3ia) 

HvAUinUSK  (p.  300). 
Conindophilite  (p.  336) 

iHOcUsitfl  'p,  !!/ilj , 

PAriiSOl.ITB  Ip.  243),, 
?Mar(iaiiite  (p.  335),.. 
AMl-llllKJLK  (p.  374)... 
ErVTURITK  (p,  aoo], .. 

WAONEIMTBIp.  340)... 

Kiictigito  (p.  saot 

tnillamite  (p.  350) 


148  1-3-2 

1-73  I  a-2  5 
l-8-a-2         2-3-5 

I-O-l-BU  I  3  3 


214-218  ,  3  5 
3-l.a-4      I  S-Tj-r, 
2  3  3-5-1 

2»-2-33    I  1.1-3 


2a'>-2  30     8  5^ 


2-4-3-8 

3 -58-2 -US 
2-11-2-f 

2-(r>-3-8 
2-H-3-73 
2-0-2-&( 
3-7-;Jl 

2-78-2-9 
2  8^ 
28-2-0 


3-B-8-4 

3-or. 

3-07 


iiroDuiiKKH  <p.  3T3). . , 

LazuijITS  (p,  353) 

EurLASK  (p.  ail) 

JdhBDnite  (p.  3TS) 

CnOSDRODITE  ip.  M'l 

I  cldiuiiduitk  a>,  aooj, 
j  t'iim<ii.iTK(p.  :ioit. 

JALl-AXITK  (P.2SU 

:|Eni)i>TE  .p.  aa".) 

Pvlli>x^JlL  Ip.  370, 

JAcmite  Ip.  272) 

I'Piediiinutite  [p.  2S0). . . 
iKEALnAll  (p.  -iOil) 

TiTAMTE  (p.  aiai 

I  MpTiie  Ip,  272i 

iKeilbanite^  31-4) 

;  Akdritk  |p.  d89j 

HxittTOCALCIlE  (p.  386; 
MAl,ACUITli{p.  Sffl)....' 

'  BiiocnAHTFTK  {p.  374). . 

,  Trogerite  (p.  807) 

;  Uurangite  (p.  848i 

Gadolinite  (p- 287) 

PyroaLilpnite  (p.  2-10!... 
I  Cl.U'OCLABlTK  Ip.  SK). . 
]  MoSAKITK  ip.  346),  Tni^ 

MiAitoYmTB(p."237'l!'. 

■LinARITB  ip.  ;t74) 

■  VACtiriiLdHTK  IP.  3(H) 

LBxinannite  (p.  8(14;... 

Walpargite  (p,  357) 

CHoniiTK  (p.  3(!3; 

Lanarkite  ip.  30B) 

Caledonite  |n.}t(l9) 

Meuabawte  (p.  301) 


mibnerit8{p.  :J01; 

WoLFKAHITK  [p.  3(91). . . 


;t-iB 

3-1-3 -34 
31-3-84 

aa-.i-a 
a-4-3 

3-35-8-5 
3  2-8-5 
3-2-^ -3S 
3-404 
3-4-3  « 
8-4-3-56 
315-3 -« 
3-7 

8-5-3-83 
a-(54-3fl6 
3-7-4  01 
3-8-3-9 
3 'OS 

8*5-4-03 
4-4-5 
4-2-4  25 
42-4 -86 

4-9-c-ao 

5-2-5-24 
5-3-5-45    I 


6-45 
7-U 
7  1-7-55 


2-a-5 
8-6-6 
a-6fl 


B.  Lustre  Metallic. 


ALLAKITE(p.  28fl) 

Claritoip.  33(i) 

Crednerite  (p.  250) 

rBRouKfTE  (p.  255).., 
HiARayKiTK  (p.  227). . 


3-4-2 

4 '46 
4-»-5-! 
4-13-4-2: 
5-2-5  4 


I  4-5 
I  3-2-5 


Plmnonite  (p,  23fl).     ...I  5-4 
MpneBhiniM  Ip.  2;i4j  ...1  0-34 

FRKIESI.KBKNlTE^P-aSOil  6-64 
WiaFBAMITK  Ip.  8'in..|  7>l-7-t 

jSvivAKiTB  (p-2-aj)...     8-8-3 
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CRYSTALLIZATION  TRICLINIC. 


Spec.  Oravit.v 


SA880LITK  (p.  358) I   1-48 

ClIALCANTUITK  (p.  372).!  221 

Wapplerite  (p.  349) 248 

Microcline  (p.  304) 2  54 

Ai.BiTE  (p.  «01) 2-59-205 

OMOOCLA8E  (p.  301) 2  (w-2«9 

Labradouite  (p.  299; . .    2  (57-2  76 

ANDK8ITK  (p.  300)   I  2(»l-2  74 

Anokthite  (p.  299). . . .'  2  «l)-2-78 


Danburite  (p.  289) 
Cryolite  ^.  242). 


2  90 
2  9-3 


HanlnoM. 


1 

2-5 

2-2-5 


0-7 

G-7 

0 

0 

6-7 

7 

2-5 


Amblygonite  (p.  347) . . 

Ilebronite  (p.  348i 

AxiNiTE  (p.  288; 

Babiugtonite  (p.  273). . . 

Cyanitk  (p.  310) 

Rhodonite  (p.  272) 

Veszelyite  (p.  351) 

[Roselite  (p.  350) 

'?  Bkociiantite  {p.  374). 
Pseudomalaohite  (p.  ^352; 


Spec.  Gravity^  Flardneas. 


3-311 

6 

3-27 

0-5-7 

3;J-,3-37 

5-5-6 

3 -4-;}  7 

5-7  25 

3-4.;j-7 

5-5-6-5 

3  5 

4 

3  •5-3-58 

3-5 

3-8-3  9 

3-5-4 

4-4-4 

4-5^ 

m.  AUXILIARY  TABLBS. 

A.    Minerals  whose  Hardness  is  equ<d  to,  or  greater  than^  7  (  Qunrtz=:7). 


HardneBs. 

7 
7 
7 


Quartz  (p.  262) 
Tridyinite  (p.  266) 

Danburite  (p.  289)  t 
Boracite  (cryutals)  (p.  859)    7 

Cyanitc  (p.  310)  5-7-25 

Tourmaline  (p.  307)  6  5-7  5 

Garnet  (p.  280)  6-5-7  5 

lolite  (p.  289)  7-7  5 

Staurolite  (p.  314)  7-75 

Sohorlomite  (p.  315)  7-7  5 


Cryflt.* 
III.  (R) 
III. 
VI. 

1. 
VI. 
III.  (R) 

I. 
IV. 
IV. 


EudaseCp.  311) 
Zircon  (p.  282) 
AndaluRitc  (p.  309) 
Beryl  (p.  277) 
Phenacite  (p.  279) 
Spinel  (p.  249) 
Topaz  (p.  310) 
Chrysoberyl  (p.  252) 
Corundum  (p.  245) 
Diamond  (p.  206) 


Hardness. 

Cryst 

7-5 

V. 

7-5 

IL 

7-5 

IV. 

7-5-8 

IIL 

7-5-8 

IIL  (R) 

8 

I. 

8 

IV. 

8-5 

IV. 

9 

III.  (B) 

10 

L 

The  following  minerals  have  hardnens  eqnal  to  6-7,  or  6  -5-7  : 

Iridosmine,  III. — Cassiterite,  II.;  DiaHpore,  IV.;  Chrysolite,  FV.;  Spodumene,  V.; 
Epidote,  v.;  Ardennite,  IV.;  Gadoliiiitc,  V.;  Fibrolite,  V.;    Feldspars,  VI.;  Axinite,  VI. 

B.  UnmeUtlUc  MincralH  whicJt  are  fUMnetly  foliated  in  some  of  their  variitus. 

1.  Micaceous  :  easily  separable  into  very  thin  laminaj,  flexible  to  sh'j^htly 'brittle. 

a.  Micas  (pp.  289  t^  293) :  laminai  tough  and  elaKtic,  except  when  they  have  under- 
gone alteration  ;  anhydrous.  Here  are  included  the  species :  Phlogopite  ;  Biotite  ;  Musco- 
vite ;   Lepidolite;  Cryophyllite.     These  graduate  into  the 

Hydro-MICAB  (pp.  331,  332),  in  which  the  laminas  are  inelastic  and  more  or  less 
brittle.  Here  belong  :  Fahlunite  ;  M.irj^arodite  ;  Damourito  ;  Paragonite  ;  Cookeite ;  Eu- 
phyllite;  OeUacherite,  etc.;  and  related  to  ^hcse,  MaiTgarite. 

Lcpidomelane  and  Astrophyllite  are  other  micas  (anhydrous  or  nearly  so)  whose 
folia  are  nearly  inelastic. 

b.  CnLOBlTES  (pp.  333  to  335) :  lamina)  tongh  but  mostly  inelastic  ;  hydrous ;  color 
generally  dark-green.  Here  are  included  :  Peuninite  ;  Ripidolitc  ;  Prochlorite,  etc.  These 
are  related  to  the  Vermiculitks  Tp.  33  {)»  m  which  the  laminas  are  less  tough,  being  more  or 
less  brittle :  Jefferisite  ;  Pyrosclerite,  etc. 

c.  Pyrophyllite,  Talc,  somcjtiuiea  rather  micaceous,  laminio  soft,  and  somewhat 
greasy  to  the  feel.  Brucite  is  related  in  character,  but  differs  chemically  in  being  soluble 
in  acids. 

d.  Torbemite,  color  deep-green ;  Autunite,  color  yellow  to  bright-green,  lamina)  brittle. 


*  Here,  as  elsewhere,  I.  =  Isometric ;  II.  =  Tetragonal ;  III. = Hexagonal ;  IV.  =Orthorhom- 
bic  ;  V.  =Monoclinio ;  VI.  Triclinic. 
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2.  Not  properly  micaceouB,  though  separable  more  or  less  easily  into  thin  lamhuB. 
Chloritoid  (p.  836)  and  Seybertite  (p.  830)  are  foliated,  the  lamins  not  separating 
easily.     So  also  Bronzite,  Hypersthene,  Diallage,  and  Marmolite. 

Gypsum  sometimes  occurs  in  soft,  separable  laminae  (var.  Selenite),  slightly  flexible. 
Zincite  and  Erythribe  are  sometimes  foliated  bnt  not  separable. 

C.   UnmetaUdc  Minerah  which  in  some  of  their  tarietiet  hate  a  fibrous  strudtere. 

1.  Easily  separable  into  flexible  fibres. 

Asbestns  (=amphibole) ;  Grocidolite  ;  Chrysotile  (= serpentine);  Anthrosiderite. 

2.  Fibrous,  not  easily  separable ;  structure  graduating  into  columnar. 

Anhydrous  SiUcatM: — Enstatite  ;  Wollostonite  ;  Fibrolite  ;  also,  though  ^nore  properly 
columnar  in  structure  : — Cyanite ;  Epidote ;  Tourmaline. 

Hydrom  SUicaten,  ZeMeft  mmtly  : — Thomsonite  ;  Okenite  ;  Natrolite;  Scolecite;  Peoto- 
lite  ;  Garpholite.     Also  some  Serpentine. 

Phot^fhaten ;  Arsenates: — Wavellite;  Cacoxenite  ;  Phannaoolite ;  Dofrenite  ;  Oliyenite; 
Vivianite;  Pyromorphite. 

JSulphatfs:  Anhydrite;  Baritc ;  Celestite;  Gypsum. 

Carbonates: — Calcite;  Diailogite;   Magnesite;  Hydromagnesite ;  Aragonite;  Malachite. 

Also  : — Brucite  (nenuJite) ;  Sussexite ;  Ulexite. 
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CATALOGUE  OF  AMERICAN  LOCALITIES  OF   MINERALS. 


The  following  catalogae*  may  aid  the  mineralogical  tourist  in  selecting  his  routes  and 
arranging  the  plan  of  his  journeys.  Only  important  localities,  affording  cabinet  specimens, 
are  in  general  included  :  and  the  namen  of  Vioae  mineraU  which  are  obtainable  ia  good  npeei- 
mens  are  distinguished  by  it/ilics.  When  a  name  is  not  italicized  the  mineral  occurs  only  spar- 
ingly or  of  poor  quality.  When  the  specimens  to  be  procured  are  remarkably  good,  an  excla- 
mation mark  (!)  is  added,  or  two  of  these  marks  (II)  when  the  specimens  are  quite  unique. 

MAINE. 

Albany. — Beryl/  green  and  black  tourmaUne,  felspar,  rose  quartz^  rutile. 

Aroostook. — ^Bed  hematite. 

AUBUiiN. — Lepidotit'e^  amblygonite  [hebronite)^  green  tourmaline. 

Bath. — Vesuvianite,  garnet,  magnetite,  graphite. 

Bethel. — Cinnamon  garnet^  calcite,  sphene,  beryl,  pyroxene,  hornblende,  epidote, 
graphite,  talc,  pyrite,  arsenopyrite,  magnetite,  wad. 

Bingham. — Massive  pyrite,  galenite,  blende,  andalusite. 

Blue  Hill  Bay. — Arsenical  iron,  molybdenite/  galenite.,  apatite/  flvorite/  black  tourma- 
line (Long  Cove),  black  oxide  of  manganese  (Osgood^s  farm),  rhodonite,  bog  manganese, 
wolframite. 

BowDOiN. — Bose  quartz. 

BowDOiNHAM. — Beryl^  molybdenite. 

Brunswick. — Oreenmica^  garnet/  black  tourmaUne/  molybdenite,  epidote,  ealeite,  mus- 
eovit€,  fddspar,  beryl. 

BucKPiELD. — Garnet  (estates  of  Waterman  and  Lowe),  iron  ore,  muscovite/  tourmaline  I 
magnetite. 

Camdage  Farm.— (Near  the  tide  mills),  molyb<lenite,  wolframite 

Camden. — Made^  galenite^  epidote,  black  tourmaline,  pyrite,  talc,  magnetite. 

Cakmel  (Penobscot  Co.).  — Stibnite,  pyrite,  macle. 

ConiKN A.— Pyrite,  arsenopyrite. 

Deer  Isle. — Serpentine,  verdantique,  asbestus,  diallage,  magnetite. 

Dexter. — Qalenite,  pyrite,  blende,  chalcopyrite,  green  talc. 

DiXFlELD. — Native  copperas,  graphite. 

East  Woodstock. — Muscovite. 

Farmington. — (Norton's  ledge),  pyrite^  graphite,  bog  ore,  g^amet,  staurolite. 

Frreport. — Bose  quartz,  garnet,  feldspar,  scapolite,  grapMte,  mtiscocite. 

Fryeburg. — Oametj  beryl. 

Georgetown. — (Parker's  island),  beryl/  black  tourmaline. 

Greenwood. — Graphite,  black  manganese,  beryl/  arsenopyrite^  cassiterite,  mica.,  rose 
quartZy  garnet^  corundum,  alblte,  zircon,  molybdenite,  magnetite,  copperas. 


*  The  catalogfue  is  essentially  the  same  as  that  published  in  the  5th  Edition  of  Dana's  Sys- 
tem of  Mineralogy,  1868.  The  names  of  a  considerable  number  of  new  localities  have  b^n 
added,  however,  which  have  been  derived  from  various  printed  sources,  and  also  from  private 
contributions  from  Prof.  G.  J.  Brush,  Mr.  G.  W.  Hawes,  Mr.  J.  WUlcox,  and  others. 
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KKBROfi.—C(imterite,  arsenopyrite,  idocrase,  l^pidfAite,  amblygonite  {Itehrantte),  rubeOiUf 
indicolite,  green  tovnnaline,  mka^  beryl^  apatite^  albite^  childrcnite^  eookeite. 

J  kwell'  8  Island. — Pyrite. 

Kat.\jidin  Iron  Works.  — Bog-iron  ore,  pyrite,  magnetite,  quartz. 

Lkttkr  E,  Oxford  Co. — Staurolite,  made,  copperas. 

LiNN.iii:8. — Hematite;  limonit-e,  pyritt\  bog-iron  ore. 

LiTciiFrKLD. — ^Hltdite,  Ciincrinite,  cUrMiU,  zircm^  spodumene,  moscovite,  pynliotite. 

LuBKC  Lead  Mines.  —UaUnite,  cJoilr^rpyrlU,  hUnde. 

MAriiiAbPORT.  — f/(fW7>^r.  epidote,  laumontite. 

Madawaska  SiSTTLKMENTS. —  ViclaiiUe. 

MiNOT.  — Beryl  ifuwky  quartz. 

MoNMoTTii. — Actinolite,  apatite,  eUrdite^  zlrc-nn^  staurolite,  plumose  mioa,  beryl,  mtile. 

Mt.  Aukaiiam. — Andalnsite^  staurolite. 

Norway.  —  Cfwy^tohtryll  molyb<ienite,  hei'yl^  ro^e  quartz,  orthoclase^  cinnamon  garnet. 

Orh's  Island. — AStaitite,  garnet  andahisite. 

Oxford. — (rftruet,  bet^/ty  apatite,  wad,  zircon,  mv^florit^,  ortJiodase, 

Paris. — (Jreeu!  red!  bl^iek,  and  biue  tourmaline!  mica!  lepidofite!  feldspar,  altnU,  quarU 
eifpHtalu !  rwie  quartz,  c<isisiterite,  amblyrjonite,  zircon,  brookite,  beryl,  smoky  quartz,  spodu- 
mene,  ettokcite,  leucopyrite.  • 

PARSONSFIKLD. —  VeJiuridTiite  !  yellow  garnet^  par gasite.  adidaria,  seapdite,  galenite,  blende, 
chalcopyrito. 

Pkrit—  CryHtaUized  pyrite. 

PuiPi'SHiRG. —  Yeflow  garnet !  mangane^ian  garnet,  vemivianite,  pargatite^  axinite,  laumon- 
tite !  clmbazito.  an  ore  of  cerium  ? 

Poland. — Vesuvianite,  smoky  quartz,  cinnamon  garnet. 

Portland.  —  Prehnite,  actinoli^^e,  garnet,  epidote,  amethyst,  calcite. 

Pownal. — JiUick  Umrmalint.  feUbiptir,  scapolite,  pyrite.  actinolite,  apatite,  rose  quartz. 

Raymond. — Jfagnetife,  HCAiyKf'ite,  pyroxene,  hpiddite,  trenuflite,  hornblende,  epidote,  ortho- 
clase,  yellow  gsimct.  pyrite,  vesuvianite. 

Rockland. — Hematite,  tremolite,  qt'artz,  w.id,  tale. 

RU.MFORD. —  Vrlhir  garnet,  resuriiUiite,  pyrojeene^  apatite,  scapolite,  graphite. 

Rutland.  — Allanite. 

Sandy  River. — Auriferous  sand. 

San  FORD,  York  Co. —  Vmiriniitt.  !  albite,  calcite,  molybdenite,  epidote,  black  tourmaline, 
labradorite. 

Skarsmont. — .  [nd^ilu^ite,  tourmaline. 

South  Herwick.  — Macle. 

Stan  DISH.  —  <  Wutnbi((  ! 

Streakkd  Mountain. — I'Ury^ !  hhirk  tourmaline,  mi^ra,  garnet. 

Tiio.maston.  —  Calrltc,  tnmolitt',  fioniblindf,  sphene,  arsenical  iron  (OwPs  head),  black 
manganese  (Dodge's  mountain i,  fhnum<niiit\  ioh\  blende,  pyrite,  galenite. 

Topsiiam. — Qu'irtz,  gaU?nitt;,  bhaidc,  tungstite  ?  beryl,  apatite,  molybdenite,  colambite. 

Union. — Magnetite,  bog-ir.»n  ore. 

Wales. — Axiuile  in  boulder,  alum,  copperas. 

Watervillk — OyataWzi  ti  pyrite. 

Windham  (near  the  bridge). — "iinuroUtr,  ttpmlume?i^,  garnet,  beryl,  amethyst,  cyanitey 
tourmaline. 

WiNSLow. — Ca.«i«itorite. 

WiNTiiROP. — Stau rd.it r,  pyrite,  hornblende,  garnet,  copperas. 

W<M)DSTO('K. — Graphitt\  hematite,  prehnito,  epidote,  calcite. 

York. — Btryl,  viviauite,,  oxide  of  manganese. 

NEW  HAMPSHIRE. 

AcwoRTii. — Beryl! !  mica!  tourmaline,  feldspar,  albite,  rase  quartz,  columbitef  cyaniie, 
autunite. 

Alstead. — yfic4i !  !  albite,  Naek  tourmaline,  molybdenite,  andalusite.  staurolite. 

Amherst. —  Vesuri^mite,  yelOnr  garmt,  pargasito,  calcite,  amethyst,  magnetite. 

Bartlett. — Magnetite,  hematite,  brown  iron  ore  in  large  veins  near  Jackson  (on  **BaId 
face  mountain  '*),  quartz  eryf^taU,  smoky  quartz. 

Bath. — Galenite,  chalcopyrite. 

BEDhX)RD. — Tremolite,  epidote,  graphite,  mica,  tourmaline,  alum,  quartz. 

Bellows  Falls. — Cyanite,  staurolite,  wavellite. 

BHiSTOU—Grajihit^.' 


AMERIOAN   LOGALITIBS.  449 

C  AMPTON.  —Beryl ! 

Canaan. — Gold  in  pyrites,  garnet. 

CiiARLKSTON. — StauToUte  made^  andalimte  made^  bog-iron  ore,  prehnite,  cyanite. 

Cornish. — Stibnite,  tetrahedrite,  rutUein  quartz!  (rare),  %tauroUte. 

Croyden. — loUte!  ohalcopyrite,  pyrite,  pyrrhotite,  blende. 

Enfield. — Grold.  galenite,  staurolite,  green  quartz. 

Franceston. — Soapstone^  arsenopyrite,  quartz  crystals. 

Franconia. — IIorrMefide,  sUiurolite!  eptdoU/  samU,  hematite,  magnetite,  black  and  red 
manganeifian  garnets,  arscnopyrite  {danaite),  chalcopyrite,  molybdenite,  prebnite,  green 
quartz,  malachite,  azurite. 

Gilford  (Gunstock  Mt.). — Magnetic  iron  ore,  native  ^Moadstone.** 

GosiiSN. — OrapMte,  black  tourmaline. 

GiLMANTOWN. — Tremolitc,  epidote,  muscovite,  tourmaline,  limonite,  red  and  yellow 
quarts  crystals. 

Grafton. — JHeaf  (eztensiyely  quarried  at  Glass  Hill,  2  m.  S.  of  Orange  Summit),  aUnte! 
blue,  green,  and  yellow  beryls!  (1  m.  S.  of  O.  Summit),  tourTnaline,  gar?uts,  triphyUte,  apa- 
tite, fluorite. 

Grantham.—  Chray  staurolite  ! 

Groton. — Arsenopyrite,  blue  beryl,  muscovite  crystals. 

Hanovrr. — Oar  net,  a  boulder  of  quirtz  containing  nUile!  black  tourmaline,  quartz,  eya- 
nUe,  labradorite,  epidote. 

Haverhill. — Garnet!  arsenopyrite,  native  arsenic,  galenite,  blende,  pyrite,  ohaloopy- 
rite,  magnetite,  maroasite,  steatite. 

HiLLSBORO*  (Campbel/s  mountain). — Graphite. 

Hinsdale. — lihodontte,  black  oxide  of  manganese,  molybdenite,  indicolite,  black  tour- 
maline. 

Jackbon. — Dru^  quartz,  tin  ore,  arsenopyrite,  native  arsenic,  fluorite,  apatite,  magnetite, 
molybdenite^  wolframite,  obalcop3?rite,  arsenate  of  iron. 

Jaffrby  (Monadnock  Mt.). — Cymxite,  limonite. 

Keene. — Graphite,  soapstone,  milky  quartz,  rose  quartz. 

Landaff. — Molybdenite,  lead  and  iron  ores. 

Lebanon. — Bog-iron  ore,  arsenopyrite,  galenito,  magnetite,  pyrite. 

Lisbon. — Staurolite,  black  and  red  garnets,  granular  magnetite,  hornblende,  epidote,  zoisite, 
hematite,  arsenopyrite,  galenite,  gold,  aukerite. 

Littleton. — Ankerite,  gold,  bomite,  chnlcopyrite.  malachite,  menaccanite,  chlorite. 

Ltman. — Gold,  arsenopyrite,  ankerite,  dolomite,  galenite,  pyrite,  copper,  pyrrhotite. 

Lyme. — Vyanite  (N.  W.  part),  black  tourmalins,  rutile,  pyrite,  chalcopyrite  (E.  of  E.  vil- 
lage), stibnite,  molybdenite,  cassiterite. 

Madison. — Galenite,  blende,  chalcopyrite,  limonite. 

Merrimack. — Rutile!  (in  gneiss  nodules  in  granite  vein). 

Middlbtown.  —ButHe. 

Monadnock  Mountain. — Andalusite,  hornblende,  garnet,  graphite,  tourmaline,  ortho- 
olase. 

Moosilauke  Mt. — Tourmaline. 

MoULTONBonouon  (Red  Kill}.— Ilombetide,  bog  ore,  pyrite,  tourmaline. 

Nbwinhton.— Garnet,  tourmaline. 

New  London. — Beryl,  ny)tybdeaite,  muscovite  crystals. 

Newport  — Molybdenite. 

Orange  — Blut  beryls!  Orange  Summit,  chrysoberyl,  mica  (W.  side  of  mountain),  apatite, 
galenite,  limonite. 

Obford.  —Brown  tourmaline  (now  obtained  with  difficulty),  steatite,  rutile,  cyanite,  brown 
iron  ore,  native  copper,  malachite,  galenite,  garnet,  graphite,  molybdenite,  pyrrhotite,  niela- 
oonite,  chalcocite,  ripidoUte. 

FKiMAU.—iiteatite, 

PiERMONT. — Mioaeeous  iron,  barite,  green,  white,  and  brown  mica,  apatite,  titanic  iron. 

PLYMorTTH.— Columbite,  beryl. 

Richmond. — loUte!  mtole,  steatite,  pyrite,  anthophyllite,  talc. 

Bye.— Chiastolite. 

Saddleback  Mt. — Black  tourmaline,  garnet,  spinel. 

SilEi«BURNE. — Galenite,  black  blende,  c/inJ  copy  rite,  pyrite,  pyrolusite. 

Springfield. — Beiyls  (very  large,  eight  inches  diameter),  manganesian  garnets!  black 
tourmaiine  !  in  mica  slate,  albite,  mica. 

Bulliyan. — To^irmdUne  (black),  in  quartz,  beryl. 

Surbby. — Amethyst,  oalcite,  g^enite,  limonite,  tourmaline. 

Swanzby  (near  Keaoxi).— Magnetic  iron  (in  masses  in  granite). 

29 
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Tamworth  'near  White  Pond).— Oalenite. 

Unity  (eirtate  of  James  Neal). — foj/jt^r  anti  iron  pyriU*,  e^loraphyUite^  green  fnieafradh 
ated  actiftolUe,  garoet.  titauiferouH  iron  ore^  mugruHte^  tounnaliiie. 

Walpolk  rnear  Bellows  Falls).— Macle,  staurolite,  mica,  graphite. 

Ware.— Graphite. 

Warukn. — ('hihctipyriU^  bUndf^  ef>id/>(e,  quartz,  pj/rite,  tremoUte^  galenite,  rutUe,  ttUe^ 
molyVxlcnite.  ci/trifimon  HUftie  !  pymjrtne,  bomblende,  btryl^  cyiuiite,  tonrmaline  (massive). 

Watkuvi lle  — Labradorite,  chry8f)lite. 

Westmoreland  (mnith  part). — Sl'dyfn1nnt€  !  njHitite!  hlne  fdfUrpnr^  hog  manganeee  (north 
Tillage),  quartz,  Jtn/tnte,  clialcopyrit*;,  oxide  at  mf»lyl)denura  and  uranium. 

White  Mts.  (Notch  near  the  ** Crawford  House*'). — Green  octahedral  finorite.  quartz 
crystals,  black  tourmaline,  chiastolite,  lieryl,  calcite,  amethyst,  amazonstoue. 

Wilmot.— /feryt 

Winchester. — Pyrolusite,  rhodochroHite,  pHilomelane,  magnetite,  granular  quartz,  spodn- 
mene. 

VERMONT. 

AnniflON. — Iron  nand^  pyritc. 

ALRumiir. — Quartz  crystals  on  calcitc,  pyrite. 

Atiienh. — Sttntite^  rJunnb  »)uir,  actinolite,  garnet. 

Baltimore. — Serpentine^  pyrite ! 

B  a  RN  et. —Graphite. 

Belvidere.— Steatite,  chlorite. 

Bknninoton. — Pyrdunitc,  brown  iron  oro.  pipe  clay,  yellow  ochre. 

Berkshire. — Kpitht^.,  hmnatito,  magnetit*'. 

Bethel. — AcHwUte!  talc,  chlorite,  (xitahedral  iron,  rvtiU^  brown  $par  in  steatite. 

Brandon. — Braunite,  pyrolusite,  ptdfo/nthiue,  limonite,  lignite,  white  clay,  statoaiy 
marble  ;  fowsil  fruits  in  the  lifrnito,  graphite*,  chalcopyritc. 

Brattleiioroitoii. —Black  toumialinc  in  quartz,  mica,  zoisite,  mtile,  actinolite,  scapolite, 
BiKKluincne.  roofing  slate. 

Bridge  WATER. — TfUc,  drthmite^  mafjnetite^  steatite,  chlorite,  gold,  native  copper,  blende, 
galonite.  blue  spinel,  chalcopyritc. 

Bristol. — Unfile,  limonite,  manganese  ores,  magnetite. 

Bh(m)kkield. — Arsenopyrite.  pyrite. 

Caiiot. — Garnet,  staurolite,  hornblende,  nlhite. 

Castleton. — lifM/flng  )tfnte,  jaK[>or,  manganese  ores,  chlorite. 

Cavlndish. — Garnet,  Herpeufine.  taU.  Maitite,  tourmaline^  asbertus,  tremdUte, 

CiiKi>''?VM.—AHb(>ntus,  feldspar,  chlorite,  quartz. 

Chittenden. — Psilomelanc,  i>yrolu8ite,  brown  iron  ore,  hematite  and  magnetite,  galenite, 
iolite. 

Colchester. — Brown  iron  ore,  iron  sand,  jasper,  alum. 

Corinth. — Chalcopyritc  (has  been  mined j,  pyrrhotite,  pyrite,  rutile,  quartz. 

Co  VENTRY. —Rhodonite. 

Craktshuuy. — Mica  in  concentric  balls,  calcite,  rutile. 

Derby. — Mica  {(Mlaimite). 

DUMMEKSTON. — Rutilc,  roofing  slate. 

Faih  Haven.  —Iloftfing  date,  pyrite. 

Fletcher. — Pyrite,  magnetite,  acicular  tourmaline. 

Grafton. — The  uteatite  quarry  referred  to  Grafton  is  properly  in  Athens ;  guartz,  acti- 
nolite. 

GriLFORD. — Rcapolite,  rutile,  roofing  slate. 

Hartford. — Calcite,  pyrite!  cyanite  in  mica  slate,  quartz,  tourmaline. 

iRAsnrROH. — Rhodonite,  jutihrneiane. 

Jay.  —  Cfn'mnic  iron,  serjyeiitine.  amianthus,  dolomite. 

Lowell. — Picro-smine,  amianthus,  sor])entine,  cerolite,  talc,  chlorite. 

Marlboro'. — Wiomb  npar,  ntmtite,  garmt,  mngnetiie^  chlorite. 

Mendon. — Magnetic  iron  ore. 

MiDDLEBURY.— Zircon. 

Middlesex.— Rutile  I  (exhausted). 

MoNKTON. — PyrduMte^  brown  iron  ore,  pipe  clay,  feldspar. 

Moretown. — Smoky  quartz  !  stcatit<'.y  talc,  wad,  rutile,  serpentine. 

MoKRisTowN. — Galenite. 

Moi'NT  Holly. — Asbetttus^  chlorite. 

New  Fane.— 6^^wy  and  aabestiform  actinoUte,  steatite^  green  quartz  (called  chiysopniae 
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at  the  locality),  chalcedony,  dmsy  quartz,  garnet^  chromic  and  titanic  iron,  rhomb  spar, 
serpentine,  ratUe. 

yoRWicn.—ActinoUts,  feldspar ,  brown  upar  in  talc,  cyanite,  zoisite,  chalcopyrite,  pyrite. 

P1TT8POUD.— -Brcw/i  iron  ore,  manganese  ores. 

Plymouth. — Siderite,  magrnetite,  hematite,  gold,  galenite. 

Plympton. — Maflcdve  hornblende. 

Putney. — Fluorite,  brown  iron  ore,  riitile,  and  zoisite,  in  boulders,  staurolite. 

Reading. — Glassy  actinciiJte  in  talc. 

Read8Boro\ — Ulassy  actinolite,  utentite,  hematite. 

RiPTON. — Brown  iron  ore,  augite  in  boulders,  octahedral  pyrite. 

R0CUE8TER. — Rutile,  hematite  ciyst. ,  magnetite  in  chlorite  slate. 

RocKiNGUAM  (Bellows  Falls). — Cyanite,  indicolite,  feldspar,  tourmaline,  fluorite,  calcite, 
prehnite,  staurolite. 

RoxBURY. — Dolomite,  talc,  serpentine,  asbestus,  quartz. 

Rutland. — Magnesite,  white  marble,  hematite,  serpentine,  pipe  clay. 

Salisbury. — Brown  iron  ore. 

Sharon. — Quartz  ci'ystals,  cyanite. 

SiiOREHAM. — Pyrite,  black  marble,  calcite. 

Shrewsbury. — Magnetite  and  chalcopyrite. 

Stark8BORO\ — Brown  iron  ore. 

Stirling. — Chalcopyrite,  talc,  serpentine. 

Stock BiliDOB  — Arsenopyrite,  magnetite. 

Strafford. — Magnetite  and  ehalcopi/rite  (has  been  worked),  native  copper,  hornblende, 
oo]>pera8. 

Thetpord. — Blende,  galenite,  cyanite,  chrysolite  in  basalt,  pyrrhotite,  feldspar,  roofing 
slate,  steatite,  garnet. 

Townshend. — Actinolite,  black  mica,  f/ife,  steatite,  feldspar. 

Troy. — Magnetite,  talc,  serpentine,  picrosmine.  amianthus,  steatite,  one  mile  southeast  of 
villAge  of  South  Troy,  on  the  farm  of  Mr.  Pierce,  east  side  of  Missisco,  chromite,  zaratite. 

VEUSiiriiE. — Pyrite,  chalcopyrite,  tourmaline,  arscnopyrite,  quartz. 

\f  /i\\D^\H'il!LO\—  Zoisite,  tourmaline,  trem'dite,  hematite. 

Warren. — Actinolite,  magnetite,  wad,  serpentine. 

Water  BURY. — Arscnopyrite,  chalcopyrite,  rutile,  quartz,  serpentine. 

Waterville.— iS7m<*^^,  actinolite,  talc. 

Weathersfield.  —Steatite,  hematite,  pyrite,  tremolite. 

Wells'  River.— Graphite. 

Westfield. — Steatife,  chromite,  serpentine. 

Wi£BT>nNSTER. — Zoisitc  in  boulders. 

Windham. — Glassy  actinolite,  tstcatite,  garnet,  serpentine. 

Woodbury. — Massive  pyrite. 

Woodstock.  —Quartz  crystals,  garnet,  zoisite. 

MASSACHUSETTS. 

Alford. — Galenite,  pyrite. 

Athol. — AUanite,  fibrolite  (?),  epidotef  babingtonite  ? 

A  u  DU  RN. — Mfisonite. 

Barre.  — i?Mft7f  /  mica,  pyrite,  beryl,  feldspar,  garnet. 

Great  Barrington. — Tremolite, 

BEJiYOiKT}.— 'Garnet. 

Belchk  uton.  — AUanite. 

Bernardston. — Magnetite. 

Beverly. — Columbite,  green  feltjsjvir,  cassiterite. 

Blanford. — Serjyentine,  anthophyUite,  actin^/lite  f  chromite,  oyanit^,  rose  quartz  in 
boulders. 

B(»lton. — Scapolife/  petalite,  sphene,  pyroxene,  nvttMite,  diopside,  boUonite,  apatite,  mag- 
nesite.  rhomb  spar,  allanite.,  yttrocerite !  cerium  ochre?  (on  the  scaiwilite),  spinel. 

BoxBOROUGii. — ik-npAite,  spinel,  gurnet,  augite,  actinolite,  apatite. 

Brighton. — Asbestus. 

Brimfield  (road  leading  to  Warren). — lolite,  adularia,  molybdenite,  mica,  garnet. 

Carlisle. — Tournuiline,  garnet/  scnitftlitr,  actin/ilite. 

Charlestown.  —Prehnite,  Uivmrnitite,  stilbite,  chabazite,  quartz  crystals,  melanolite. 

Chelmsford. — Scapolite  (chelmsfordite),  chondrodite,  blue  sjnnel,  amianthus/  roee- 
qaarts. 
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CnRSTER. — JlomUende^  scapoUte^  zmsite,  spodumene,  indieoltts,  apatite,  magnetite,  chro- 
mite,  Btilbite,  healandite,  analcite  and  chabazite.  At  the  Emeiy  Mine,  Chester  Factories. — 
Corundum^  margarite,  difi-ztpore^  epidote,  corondophilite,  chloritoid,  tourmaline,  menaecan- 
ite  /  mtile,  biotite,  indianite  ?  andesite  ?  cyanit-e^  amesito. 

CnESTKRPrEiiD. — Elne^  green^  and  red  tourmaline^  cleavdandite  (albite),  lepidolite,  smoky 
qxtartz,  micrdite,  ttixMuinene,  cyanite,  apatite,  rose  beryl,  garnet,  q^uarU  crystals,  stauroiite, 
cassiterite,  columbite,  zoisite,  uranite,  brookite  (eumauite),  scheelite,  anthophyllite,  bornite. 

Conway.— Pyrolusite,  fluorite,  zoisite,  rutUe  !  !  native  alum,  g^alenite. 

CuMMiNOTON. — Rhodonite!  cumming^nite  (hornblende),  marcasite,  garnet, 

Dedham. — Asbestus,  g^euite. 

Deeufiei.d. — Chabazite,  hculandite,  stilbite,  amethyst,  camelian,  chalcedony,  agate^ 

FiTCiLBUiio  (Pearl  Hill). — Beryl,  stauroUtef  garnets,  molybdenite. 

FoxBOROUOii. — Pyrite,  anthracite. 

Franklin. — Amethyst. 

G08IIEN. — Mica,  albite,  spodvmene!  blue  and  green  tourmaline,  beryl,  zoisite,  smoky  quartz, 
columbite,  tin  ore,  galenite,  beryl  (goshenite),  pihlite  (cyraatolite). 

Greenfield  (in  sand-stone  quarry,  half  mile  east  of  village). — Allophane,  white  and 
greenish. 

Hatfield.— Barite,  yellow  quartz  cryBtals,  galenite,  blende,  chalcopyrite. 

Hawlet. — Micaceous  iron,  massive  pyrite,  magnetite,  zoisite. 

YiKKTK.—Pyrite,  zidsite. 

Hinsdale.— Brown  iron  ore,  apatite,  zoisite. 

HuBBAiiDSTON.  — MoHnive  pyrite. 

Lancasteu. — Cyanite,  c/wistolUe  /  apatite,  staurolite,  pinite,  andalusite. 

Lee. — Tremolite!  njihene  !  (east  part). 

Lenox. — Brown  hematite,  gibbflite(?) 

Levkrett. — Barite,  galenite,  blende,  chalcopyrite. 

Leyden. — Zoisite,  rutile. 

LiTTLEKiELD. — Spinel,  scapolite,  apatite. 

Lynnfieli). — Magnesite  on  serpentine. 

Martha's  Vineyard. — Brown  iron  ore,  amber,  selenite,  radiated  pyrite. 

Mendon.— i/iWi !  chlorite. 

MiDDLEFiELD. — GUissy  octinoUte,  r/iomb  sptir,  steatite^  serpentine,  fddspar,  druay  quartz, 
apatite,  zoisite,  nacrite,  chalcedony,  talc!  deweylite. 

M I  LRU  R  Y.  —  VermicuUte. 

Montague.  —Hematite. 

Newbury. — Serpentine,  chrysotile,  ejMjte,  ni/issioe  garnet,  siderite. 

Newburyport. — Serjyentine,  nemalite,  uranite. — Argentiferous  galenite,  tetrahedrite, 
chalcopyrite,  pyrargyrite,  etc. 

New  Braintree. — lUttck  tonnnatine. 

Noiiwicn.— Apatite !  black  tourtnaUne,  beryl,  spodumene!  triphylite  (altered),  blende, 
quartz  crystals,  cassiterite 

NoRTHFiELD.  —  Cotumhitc,  fibrolite,  cyanite. 

PAiiMER  (Three  Rivers). — Feldsjxtr,  prehnite,  calc  spar. 

Pelham. — Ashestns,  serpentine,  quartz  crystals,  beryl,  molybdenite,  green  hornstone,  epidote. 
amethvst,  conmdum,  vermiculite  (pelhamite). 

PLAiNFiEiiD. — Cummin gtonite,,pyrolutite,  rhodonite. 

Richmond. — Brown  iron  ore,  gibbsite!  allophane. 

RocKPORT. — Danalite,  cryophyUite,  annite,  cyrtoUte  (altered  zircon),  green  and  wMte  orViO- 
dose. 

RowE. — Epidote,  talc. 

South  Royalston. — Beryl!  !  (now  obtained  with  great  difficulty),  miai !  !  fddspar! 
allanitc.  Four  miles  beyond  old  loc,  on  farm  of  Solomon  Hey  wood,  mica  !  bei^l !  feldspar  ! 
menaccanite. 

RussEL— Schiller  spar  (diallage  ?),  mien,  serpentine,  beryl,  gfalcnite,  chalcopyrite. 

Salem. — In  a  boulder,  cancrinite,  sodalite,  elasolite. 

Saugus. — Porphyry,  jasper. 

Sheffield. — Asbestus,  pyrite,  native  alum,  pyrolusite,  rutile. 

Shelburne.  —Rutile. 

Shutesbury  (east  of  Lockers  Pond). — Molybdenite. 

SOUTHAMPTON. — Galenite,  cerussite,  anglesite,  wuJfenite,  fluorite,  barite,  pyrite,  chalcopy- 
rite, blende,  corneous  lead,  pyromorphite,  stolzite,  chrysocolla. 

Sterling. — l^wdumene,  chiastoUle,  siderite,  arsenopyrite,  blende^  galenite,  ohalcopyrite, 
pyrite.  sterlingite  (damourite). 

Btoneuam.  — Nephrite. 
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Sturbkiikje. —  QrapJiite,  garnet,  apatite,  bog  ore. 

SWAMPSCOT. — OrtMte^  feldspar. 

Taunton  (one  mile  Routh). — Paracolumbite  (titanic  iron). 

Turner's  Falls  (Conn.  River). — Chalcopyrite,  prehnite,  chlorite,  Morophasite^  siderito, 
malachite,  magnetic  iron  sand,  anthracite. 

Tyrinqqam. — Pyroxene,  scapolite. 

UxBRiDOB.  — Galenite. 

Warwick. — Mamve  gartiet,  radiated  black  tourmaline,  magnetite,  beryl,  epidote. 

Washington. — GrapJkite. 

Westfikld. — iSehiUer  sj)ar  (diaJlage),  serpentine,  steatite,  cyanite,  scapolite,  actinolite. 

Westford. — Andalunte  / 

West  Hampton. — Qalenite,  argentine,  ptfetidomorphous  quartz. 

West  Springfield. — PreJinite^  ankerite,  satin  spar,  celestite,  bitominoos  coal. 

West  Stockbridoe  — Hematite^  fibrous  pyrolusite,  siderite. 

Wiiately. — Notice  eoj^r,  galenite. 

Williamsburg.  —Zoijdte^  pseudomorphons  quartz,  apatite,  rose  and  smoky  quartz,  galenite, 
pyrolusite,  chalcopyrite. 

Will iamsto WN . — Cryst.  guarUu 

Windsor. — Zoisite^  actinolite,  rutHef 

Worcester. — Arsenopyrite,  idocrase,  pyroxene,  garnet,  amianthus,  bucholzite,  siderite, 
galenite. 

Worthington. — Cyanite. 

ZOAR. — Bitter  spar,  talc, 

RHODE  ISLAND. 

Bristol. — Amethyst 

Coventry. — Mica,  tourmaline. 

Cranston.  —Actinolite  in  talc,  graphite,  cyanite,  mica,  melanterite,  bog  iron. 

Cumberland. — Manganese,  epidote,  actin^dite,  garnet,  titaniferous  iron,  magnetite,  red 
hematite,  chalcopyrite,  bomitc,  malachite,  azurite,  calcite,  apatite,  feldspar,  zoisite,  mica, 
quartz  cryRtal.%  ilvaite. 

Diamond  Hill. — Quartz  crystals,  hematite. 

Foster. — Cyanite,  hematite. 

Gloucester. — Magnetite  in  chlorite  slate,  feldspar. 

Johnston. — Talc,  brown  spar,  calcite,  garnet,  epidote,  pyrite,  hematite,  magnetite,  chal- 
copyrite, malachite,  azurite. 

Lime  Rock. — Calcite  crystals,  quartz  pyrite. 

Lincoln.— Calcite  dolomite. 

Natic. — See  Warwick. 

Newport. — terpentine,  quartz  crystals. 

Portsmouth  — Anthracite,  graphite,  a^bestus,  pyrite,  chalcopyrite. 

Smitrffeld. — Ditlomite,  calcite^  bitter  sfmr,  dderite,  na^rite,  serpentine  (bowenite),  tremo- 
lite,  asbestuB,  quartz,  magnetic  iron  in  chlorite  slate,  talc/  octahedrite,  feldspar,  beryl. 

Valley  Falls. — Graphite,  pyrite,  hematite. 

Warwick  (Natic  village). — Masonite,  garnet,  graphite,  b<>g  iron  ore. 

Westerly  . — Menaocanite . 

Woonsockbt.  — Cyanite . 

CONNECTICUT. 

Berlin. — Barite,  datolite,  blende,  quartz  crystals. 

Bolton. — Staurolite,  ohaloopyrite. 

Br ADLE Y viLLE  (Litchfield) .  — Laumontite. 

Bristol. — Ghalcocite!  chalcopyrite,  barite,  bornite,  talc,  aUophan^,  pyromorphite,  calcite, 
malachite,  galenite,  quartz. 

Brookfield. — Galenite,  calamine,  blende,  spodumene,  pyrrhotite. 

Canaan. — Tremciite  and  white  augit^  !  in  dolomite,  canaanite  (massive  pyroxene). 

Chatham. — ^Arsenopyrite,  smaltite,  chloanthite  (ehathamite),  scorodite,  niccolite,  beryl, 
ezythrite. 

Ghebhibb. — Barite,  cfiaieocite,  bomite  eryst,  malachite,  kaolin,  natrolite,  prehnite,  dhaba- 
site,  datoUte. 

GHE8TS&. — SSUmanUe!  zircon,  epidote. 
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Cornwall.  —  (7rapAtY^,  pyroxene^  acUnolUe,  sphene^  BcapoUte. 

Danbuky. — Daiiburite^  oli^oclase,  moaruitojie,  brown  tourmaline,  orthoclase.  pyroxene, 
parathorite. 

Fakmington. — Preknite^  chabazite^  agate,  native  copper ;  in  trap,  ddtbantite. 

Gran  BY.— Green  malachite. 

Grkkn wiciL  — BUtck  tourrtuiUne. 

H  add  AM. — Chry»obei*yl  !  beryl!  epidote!  tourmnUne!  fddspoVy  garnet!  ioliu!  oUffoeUue, 
chlarophyUUte !  autotnoUte,  magnetite,  aduUryi^  apatite,  edunibUe!  (hermamiolite),  zircon 
(calyptolite),  mica,  pyrite,  marcasite,  molybdeiiite,  allanite,  bismuth,  biBmutU  ochre,  bismu- 
tite. 

Hadlyme. — Chabazite  and  stilbite  in  gneiss,  with  epidote  and  garnet. 

Hartford.— /Mto^tY*  (Rocky  Hill  quarry). 

Kent. — Brown  iron  ore,  pyrolusite,  ochrey  iron  ore. 

LiTcnprELD. — Gyanite  with  corundum,  apatite,  and  andalusite,  meiiaccanite  (washington- 
ite),  chalcopyrite,  diaspore,  niccoliferous  pyrrhotite,  margarodite. 

Lyme. — Garnet,  sunstone. 

Mrridkn.  — Datolite. 

MroDLKFiKLD  Fall8.  —  Datolite,  chlorite,  etc.,  in  amygdaloid. 

MiDDiiETowN. — Mic/t,  lejtidfMt^  with  green  and  red  tourmaline,  albite,  fddspar,  columbite! 
prehnite,  yarnit  (sometimes  octahedral),  beryl,  topaz,  uranite,  apatite,  pitchblende;  at  lead 
mine.  (jah'iiif.i\  chidappyriU,  blende,  quartz,  c^tl-itt,  tiuorite,  pyrite,  sometimes  capillary. 

MiLFORD. — Sahlite,  pyrtyxcne,  <i.sbejitun,  zoisite,  verd-antique,  marble,  pyrite. 

New  Haykn. — Serpentine,  asbestus,  chromic  iron,  sahlite.  stilbite,  prehnite,  chabazite, 
gmelinito,  upophyllite,  topazalite. 

Newtown. — ('yanitt\  diatfjtore,  rutUe,  damourite,  cinnabar. 

NoRWK^n. — SiUiinanite,  monazite  !  zircon,  y)lite,  corundum,  feldspar. 

Oxford,  near  Humphreys villo. — Cyanite,  chalcopyrite. 

Plymouth. — Galenite,  heulnndite,  Jinorite^  chUnvphyUite !  garnet. 

Heading  (near  the  line  of  Danlmry). — Pyroxene,  f/nrfiet. 

Roaring  Brook  (Cheshire). — DaOdUt:!  ciilcitc,  prehnite,  saponite. 

RoXBURY. — Sidentfy  blende,  pyrite!  /  yalenite,  quartz,  chalcopyrite,  arsenopyrite,  limon- 
ito. 

Salisbury. — Brown  iron  or<\  ochrey  iron,  pi/rotutdte,  triplite,  turgite, 

Saybrook. — AfUybdenite,  stilbite,  plumbago. 

Seymour. — Native  bismuth.  ar8ouoj)yrite,  pyrite. 

SiMSBURY.  —  Copper  glance,  green  malachite. 

SouTUBURY. — Rose  quartz,  laumontite.  prehnite,  caJcite,  barite. 

SOUTHINGTON.  — Barite,  datolite,  asteriated  quartz  crystals. 

Stafford  — Massive  pyrites,  ahun,  copperas. 

Stonington. — Stilbite  and  chabazite  on  gneiss. 

Tariffvillk. — Iktfolite. 

TnATCiiERSViLLE  (near  Bridgeport). — Stilbite  on  gneiss,  babingtonite  ? 

Tolland. — Siaurolite,  massive  pyrites. 

Trumbull  and  Monroe. —  Chtorophane,  V>]yiz,  beryl,  diaspore,  pyrrhotite,  pyrite,  nicco- 
lite,  scheeiite,  wolframite  (pseudomorph  of  scheelite),  rutile,  native  bismuth,  tuugstic  aoid, 
siderite,  mispickel,  argentiferous  galenite,  blende,  scapolite,  tourmaline^  garnet,  albite, 
augite,  graphic  tellurium  (y),  margarodite. 

Washington. — Triplite,  menaccAtnitc!  (washingtonite  of  Shepard),  rhodochroaite,  natro- 
lite,  andtilimte  (New  Preston),  cyanite. 

Watertown,  near  the  Naugatuck. — White  sahlite,  monazite. 

West  Far.ms. — Asbestus. 

WiLLiM antic. — Topm,  monazite,  Hpidclite. 

Winchester  and  Wilton. — Asbestus,  garnet 


NEW  YORK. 

ALBANY  CO. — Bethlehem. — Calcite,  stalactite,  stalagmite,  caloareooB  sinter,  snowy 
gypsum. 

Coeyman^s  Landing. — Gypsum,  epsom  salt,  quartz  ciystals  at  Crystal  Hill,  three  mUes 
south  of  Albany. 

GuiiiDERLAND. — Petrolcum,  anthracite,  and  calcite,  on  the  banks  of  the  Norman's  Kill, 
two  miles  south  of  Albany. 

Watervliet. — Quartz  crystals,  yellow  drusy  quartz. 
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ALLEGHANY  CO.— Cuba. — Calcareous  tufa,  petroleum,  3^  miles  from  the  village. 

CATTARAUGUS  CO.— Freedom.— P^iw^wm. 

CAYUGA  CO.— Auburn. — Celestit^,  calcite,  fluorspar,  epsomite. 

Cayuga  Lake. — Sulphur. 

LuDLowviLLK. — EpBomite. 

Union  Spuinos. — Sdenite^  gypsum. 

SPKiNoroRT. — At  Thompson's  plaster  beds,  sulphur!  selenUe. 

Spuingvillk.— Nitrogen  springs.  ' 

CLINTON  CO. — Arnold  Iron  Mine. — Magnetite^  epidote,  molybdenite. 
FiHCii  Orb  Bed. — GalciUy  green  and  purple  fluor. 

CHATAUQUE  CO.— Fredonia. — Petrokum,  carburetted  hydrogen, 
L  AON  A.  — Petroleum. 
Sheridan.  — Alum. 

COLUMBIA  CO. — AUBTERLITZ.— ^«rt/iy  manganene^  wulfenite,  chalcocite  ;  Livingston 
lead  mine,  vitreous  silver  ? 

Chatham. — Quartz,  pyrite  in  cubio  crystals  in  slate  (Hillsdale). 

Canaan. — Chalcocite,  chalcopyrite. 

H  UD80N.  — Epidote,  sdeiiiU  ! 

New  Lebanon. — Nitrogen  springs,  graphite,  anthracite  ;  at  the  Ancram  lead  mine,  g^en- 
ite,  barlte,  ble/ide^  wuifemte  (rare),  chalcopyrite,  calcareous  tufa ;  near  the  city  of  Hudson, 
epaom  salt,  brown  spar,  wad. 

DUTCHESS  CO. — ^Amenia. — Dolomite,  Umonite^  turgiU, 
Beckman.  — JDokftnite, 

Dover. — Dolomite,  tremolite,  garnet  (Foas  ore  bed),  staurolite.  Umonite, 
FI8HKILL. — Dolomite;  near  Peckville,  talc,  asbestus,  graphite^  honiblende^  augite,  actifUh 
Ute^  hydrous  anthophyllitej  Utnonite. 
North  East. — Chalcocite,  chalcopyrite,  galenite,  blende. 
Pawling.  — Dolomite. 

Bhenebeck. — Calcite,  green  feldspar,  epidote,  tourmaline. 
Union  Vale. — At  the  Clove  mine,  gibbsite,  Umonite. 

ESSEX  CO. — Alexandria. — Kirby's  graphite  mine,  (graphite,  pyroxene,  scapdUe,  sphene. 

Crown  Point. — Apatite  (eupyrchroito  of  Eniirwus),  bjvum  tourrruUinef  in  the  apatite, 
chlorite,  quartz  ciystzUs,  pink  and  blue  calcite,  pyrite ;  a  short  distance  south  of  J.  C.  Ham- 
mond's house,  garnet^  smpoUte,  chalcopyrite,  aventurine  feldttpar^  zircon,  magaetie  iron  (Peru), 
epidote,  mica. 

Kkrnb. — Scapolite. 

Lewis. — Tabular  itpar^  eohphanite,  garnet,  labradorite^  hornblendej  actinolite;  ten  miles 
south  of  the  village  of  KeesevUle,  mispickel. 

Long  Pond. — Apatite,  garnet,  pyroxene^  idocrase,  eoccoUtef  /  scapolite,  magnetite,  blue 
ealeite. 

MclNTYRE. — Labradorite,  garnet,  magnetite. 

MORIAU,  at  Sandford  Oe  Bed. — Magnetite,  apatite,  aUanitef  lanthanite.  actinolite,  and 
feldspar ;  at  Fisher  Ore  Bed,  magnetic  iron,  feldspar,  quartz ;  at  Hall  Ore  Bed,  or  "New  Ore 
Bed,''  magnetite^  zircons ;  on  Mill  brook,  calcite,  pyroxene,  hornblende,  albite ;  in  the  town 
of  Moriah,  magnetite,  hUick  mica  ;  Barton  Hill  Ore  Bed,  albite. 

Newcomb. — LcUn'odorite,  feldspar,  magnetite,  hjrpersthene. 

Port  Henrt. — Brown  touiinaline,  mica,  rose  quartz,  serpentine,  green  and  hUiek  pyroxene, 
hornblende,  cryst.  pyrite,  graphite,  wollastonite,  pyrrhotite,  adularia  ;  pJditgopite  I  at  Cheevei* 
Ore  Bed,  with  magnetite  and  serpentine. 

Booer'8  Bock. — Graphite^  woUaUonite^  garnet^  colophonite,  fddspar,  adularia,  pyroxene, 
tphene,  ooccolite. 

ScHROON. — Caleite,  pyroxene,  chondrodite. 

TicoNDEROOA — GropMtel  pyroxene,  sahlite,  sphene,  black  tourmaline,  cacoxene?  (Mt. 
Defiance). 

Westfort. — Labradorite,  prehnite,  magnetite. 
-  WiLLSBORo'. —  Wollastonite,  eolophonite,  garnet,  green  coccoUte,  hornblende. 

ERIE  CO.— Ellicott'8  ^iLhs.— Calcareous  tufas. 
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FRANKLIN  CO. — Chateauoay. — ^Nitrogen  sprixigs,  oaloareons  tnfaa. 
Malone. — Mcuisive  pyrUe^  magnetite. 

GENESEE  CO. — Acid  springs  oontaining  sulpboric  aoid. 

GREENE  CO.— Catskill.— Ca^Ytf. 
Diamond  Hill. — Quartz  crystals. 

HERKIMER  CO.— Y airfiei^v.- -Quartz  erysfals,  fetid  barite. 

Little  Falls. — Qiuirtz  cryataisf  barite,  calcite,  anthracite,  pearl  spar,  smoky  quarts; 
one  mile  soatb  of  Little  Falls,  calcite,  brown  spar,  feldspar. 
Middle viLLK. — Quartz  crystals/  rulciUj  brown  and  pearl  spar,  anthracite. 
Newport. — Quartz  crystals. 

Salisbury. — Quartz  crystals  /  blende,  gfalenite,  pyrite,  dhalcopyrite. 
Stark. — Fibrous  celesUte,  gypsum, 

HAMILTON  CO.— Long  Lake.— Blue  calcite. 

JEFFERSON  CO.— Adams.— Fluor,  calc  tufa,  barite. 

Alexandria. — On  the  S.R  bank  of  Muscolongo  Lake,  llnorite,  p/^^<77t^  chalcopjrite, 
apatite ;  on  High  Island,  in  the  St.  Lawrence  River,  feldspar,  tourmaUne^  hornblende,  ortltO' 
clasSy  celestite. 

Antwerp. — Stirling  iron  mine,  hematite,  cJiatcoditey  siderite,  mHierite^  red  hematite^  ctyB- 
tnllized  quartz,  ydli»w  aragonite^  niccoliferous  pyrite,  quartz  crystals^  pyrite  ;  at  Oxbow,  id- 
cite  I  porous  coralloidal  heavy  ppar ;  near  Vrooman's  lake,  calcite !  vesuvianite,  phiogr/pite  / 
pyroxene,  s^/hene,  tiuorite,  pyrite,  chalcopyrite  ;  also  feldspar^  bog-iron  ore,  scapolite  (farm  of 
David  Eggleson),  serpentine,  tourmaline  (yellow,  rare). 

Brownsville. — Celestite  in  slender  crj-stals,  calcite  (four  miles  from  Watertown). 

Natural  Bridge. — Feldspar,  ^/^<«?cAtV^ .'  steatite pseudomajp?unts  otter -pyroxene,  apatite. 

New  Connkcticut— A^^Ar//^,  brown phlogopite. 

Omar. — Beryh  ftklspary  hematite. 

PniLADELPiiiA. — Garnets  on  Indian  river,  in  the  village. 

Pamelia. — Agaric  mineral,  calc  tufa. 

Pierrepont. — Tourmaline,  sphenc,  scapolite,  hornblende. 

Pillar  Point. — Afajtsire  barite  (exhausted). 

Theresa. — Fiuorite,  ailcite,,  hematite,  hornblende,  quartz  crystals,  serpentine  (associated 
with  hematite),  celeptito,  strontianite  ;  the  Muscolonge  Lake  locality  of  fluor  is  exhausted. 

Watertown. —  Tremolit^,  agaric,  mineral,  calc  tufa,  celestite. 

Wilna. — One  mile  north  of  Natural  Bridge,  calcite. 

LEWIS  CO. — Diana  (localities  mostly  near  junction  of  crystalline  and  sedimentary  rocks, 
and  within  two  miles  of  Natural  Bridge). — Sca^wUtc  I  woUastonite,  green  coc4!olite,  feldspar, 
tremolite,  pyroxene/  spheneJ  /  mica,  quartz  cryxtals.  drusy  quartz,  cryst.  pyrite,  pyrrhotite, 
blue  cidcite,  serpentine,  rensscUierite,  zircon,  graphite,  chlorite,  hematite,  bog-iron  ore,  iron 
sand,  apatite. 

Greig. — Magnetite,  pyrite. 

LowviLLE. — Calcite,  fluorite,  pyrite,  galenite,  blende,  calc  tufa. 

Martinsburgh. — Wad,  gulenite,  etc.,  but  mine  not  now  opened,  calcite. 

Watson,  Bremen. — Bog-iron  ore. 

MONROE  CO. — Rochester. — Pearl  spar,  calcite,  snowy  gypsum,  fluor,  celestite,  galenite, 
blende,  barite,  homstone. 

MONTGOMERY  CO.— Canajoh arib.  —Anthracite. 

Palatine. — Quartz  erynfnU,  drusy  quartz,  anthracite,  homstone,  agate,  garnet. 

Root. — Dru-»y  quartz,  bleiule,  barite,  stalactite,  stalagmite,  galenite,  pyrite.         * 

NEW  YORK  CO. — Corlear's  Hook.— Apatite,  brown  and  yellow  feldspar,  sphene. 

KiNOSBRiDOE. — Tremolite^  pyroxene,  mica,  tourmaline,  pyrites,  rutile,  dolomite. 

Harlem. — Epidote,  apophyilite,  stilbite,  tourmaline,  vivianite,  lamellar  feldspar,  mioa. 

New  York. — Serpentine,  amianthus,  actinolite,  pyroxene^  hydrous  anthophyllite,  garnet, 
staurolite,  molybdenite,  g^phite,  chlorite,  jasper,  necronite,  feldspar.  In  the  exoavaticHis  for 
the  4th  Avenue  tunnel,  1875,  Juirmotome,  stilbite,  ohabazite,  heulandite,  etc. 
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NIAGARA  CO.— Lewibton. — Epsomite. 

LocKPOUT. — Odestite^  ealcite^  sdemte,  anhydrite^  fluoriU^  dolomite,  Uende. 

Niagara  Falls. — Galeitey  fluorite,  blende,  dolomite. 

ONEIDA  CO. — BooNViLLB. — Cahsite.  tooUastonite^  eoccolite. 

Clinton. — Blende,  lenticular  argiUaceous  iron  ore;  in  rocks  of  the  Clinton  Group,  stronti- 
anite,  celentite,  the  former  covering  the  latter. 

ONONDAGA  CO. — Camillus. — Selenite  taid  fibrous  gypsum. 

Cold  Sprino. — Axinite. 

Manlius. — Qypsum  and  fluor. 

Syracuse. — Serpentine^  celestite,  selenite,  barite. 

ORANGE  CO. — Cornwall. — Zircon,  chondrodite,  hornblende,  spind,  massive  feldspar, 
fibrous  epidote,  hndBonite^  meuaccanite,  serj)enUne,  eoccolite. 

Deer  Park. —  Cryst.  pyrite,  galenite. 

Monroe. — Mica!  sphene!  garnet,  colophonite,  epidote^  chondrodite,  aUanite,  bucholzite, 
brown  spar,  spinel,  hornblende,  talc,  menaccanite,  pyrr?totite,  pyrite,  chromite,  graphite^  ras- 
tolyte,  moronolite. 

At  WiLKS  and  O'Neil  Mine  in  Monroe. — Aragonite,  magnetite,  dimagnetite  (pSeud.  ?),  jen- 
kinsite,  asbestus,  serpentine,  mica,  hortonoUte, 

At  Two  Ponds  in  Monroe. — Pyroxene!  cfiondrodite,  hornblende,  scapolite!  zircon,  sphene^ 
apatite. 

At  Greenwood  Furnace  in  Monroe. — Chondrodite,  pyroxene!  mica,  ?iomtlende,  spinel, 
seapoUte,  biotite!  menaccanite. 

At  Forest  of  Dean. — Pyroxene,  spinel,  zircon,  scapolite,  hornblende. 

Town  of  Warwick,  Warwick  Village. — Spinel .^  zircon,  serpentine!  brown  spar,  pyrox- 
ene !  hornblende !  pseudomorphoits  steatite,  feldspar !  (Rock  Hill),  menaccanite,  cUntonite, 
tourmaline  (R.  H.),  rutile,  sphene,  molybdenite,  arsenopyrite,  marcasite,  pyrite,  yellow  iron 
sinter,  quartz,  jasper,  mica,  eoccolite. 

Amitt. — Spinel!  garnet,  scapolite,  Itornblende,  vesuvianite,  epidote!  dintonite!  magnetite^ 
tourmaline,  warwickite,  apatite,  chondrodite,  talc!  pyroxene!  rutile,  menaccanite,  zircon^ 
corundum,  fddspiir,  sphene,  calcite,  serpentine,  schiller  spar  (?),  silvery  mica. 

EoENviLLE. — Apatite,  cfiondrodite!  hair-brown  hornblende !  tremolite,  spind,  tourmaline, 
warwickite,  pyroxene,  sphene,  mica,  feldspar,  mispickd,  orpiment,  rutile,  menaccanite,  score- 
dite,  chalcopyrite,  leucopyrite  (or  lollingite),  allanite. 

West  Point. — Fddspar,  muni,  scapolite,  sphene,  hornblende,  allanite. 

PUTNAM  CO.— Brewster,  Tilly  Foster  lxoxLW.iie,— Chondrodite  !  (also  humite  andclino- 
humite)  crystals  very  rare,  magnetite,  dolomite,  serpentine  pseudomorphtt,  brucAte,  enstatite, 
ripidolite,  biotite,  actinolite,  apatite,  pyrrhotite,  Haorite,  albite,  epidote,  sphene. 

Carmel  (Brown's  quarry). — Anthophyllite,  schiller  spar  (?),  orpiment,  arsenopyrite,  epi- 
dote. 

Cold  Spring. — Chabazite,  mica,  sphene,  epidote. 

Patter8:)N. —  Whit'i  pyroxene  !  caicite,  (Mbestus^  tremolite,  dolomite,  massive  pyrite. 

Piiillipstown. — Tremolite,  amianthus,  serj)mtine,  sphene,  diopsule,  green  ooccf^ite,  horn- 
blende,  sctipolite,  stilbite,  mica,  laumontite,  gurhofitc,  calcite,  magnetite,  chromite. 

PniLLiPs  Ore  Bed. — Hyalite,  a^ctinolite,  massive  pyrite. 

RENSSELAER  CO.— Hoosic- Nitrogen  springs. 
Lansingburgu.  — Epsomite,  quartz  crystals,  pyrite. 
Troy. — Qmirtz  crystals,  pyrite,  selenite. 

RICHMOND  CO.— RossviLLE.— Lignite,  cryst.  pyrite. 

Quarantine. — Asbestus,  amianthus,  aragonite,  doiomite,  gurhofite,  brucite,  serpentine, 
tale,  magnesite. 

ROCKLAND  CO.— Caldwell.— C«fctY<?. 

Grassy  Point. — Serpentine,  actinolite. 

Hatsrbtraw. — Hornblende,  barite. 

Ladentown. — Zircon,  malachite,  cuprite. 

PiKRMONT. — Datolite,  stilbite,  apophyllite,  stollite,  prehnite,  thomsonite,  calcite,  chabazite. 

Stony  Point. — Cerolite,  lamellar  hornblende,  asbc^tus. 
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ST.  LAWRENCE  CO. ^CANTOS. —Massive  pyrite,  calcUe^  brown  toarmaline,  tphent^  ier- 
pentine,  talc,  renssdtieritSy  pyroxene,  hematite,  chalcopyrite. 

Dekalb. — IJorftblend^,  baxite,  fluorite^  trernoUte,  tourrnaUne,  blende,  graphite,  pyroxene, 
quartz  (spongy),  ffierpeutine. 

Edwaudh.  — Broicn  and  sUeery  mica  !  scapolito,  apatite,  quarU  crj/sttUs,  actinolite,  trernth 
lUe!  hematite,  serpentine,  magnetite. 

Fine. — Black  mica^  hornblende. 

Fowler. — Barite^  quartz  crystals/  hematite,  blende,  galenite,  tremolite,  chaloedony,  bog 
ore,  satin  spar  (assoo.  with  serpentine),  pyrite,  chalcopyrite,  actinolite,  rensselaerUe  (near 
Bomerville). 

GocvERNEUR.— CVifcit^/  Serpentine/  IiornlAende/  seapoUte/  ort/ioelas^,  tourmaUnef  ido- 
crase  (one  mile  south  of  G.),  pyroxene,  malacolite,  apatite,  rensselaerite,  serpentine,  sphens, 
fluorite,  barite  (farm  of  Judge  Dodge),  black  micas  phlogopite,  tremolite/  asbestus, hematite, 
graphite,  vcsuvianite  (near  Somerville  in  serpentine),  spinel^  houghite,  scapolite,  phlogopite^ 
dolomite  ;  three-quarters  of  a  mile  west  of  Somerville,  chondrodite^  spinel ;  two  miles  north 
of  Somerville,  apatite,  pyrite,  broir.n  tourmaline  /  / 

Hammond. — Apatite/  zircon/  (farm  of  Mr.  Haxdy)yOrt?iodase{loxocajBe),pargasite^  barite, 
pyrite,  purple  Iluorite,  dolomite. 

Hermon. — Quartz  crystnU,  hematite,  siderite,  pargasite,  pyroxene,  serpentine,  tourma- 
line, bog-iron  ore. 

Macomb. — Blende,  mica,  gaknite  (on  land  of  James  Averil),  sphene. 

Mineral  Point,  Morristown. — Fluorite,  blende,  gaXeDit^,  phlogopite  (Pope's  Mills),  barite. 

OoDENSBiTRCK— Labradorite. 

PiTCAiRN. — Satin  spar,  associated  vd\h  serpentine. 

Potsdam.— y/f>/vifti^«f/«.'— eight  miles  from  Potsdam,  on  road  to  Pierrepont,  fddspwt, 
tourmaline^  black  mic^i^  hornblende. 

Kosi^iE  (Iron  Mines). — Barite^  hematite,  coralloidal  aragonite  in  mines  near  Somerville, 
limonite,  quartz  (sometimes  stalactitic  at  Parish  iron  mine),  pyrite^  penri  spar, 

RosjsiE  Lead  Mine. — Cakite/  galenitti  /  pyntCy  ceUstite,  chalcopyrite,  hematite,  cerussite, 
anglesite,  octahedral flu/^r^  bltck phhgopitc. 

Elsewhere  in  Robsie. — Calcitc,  barite,  quartz  crystals,  chondrodite  (near  Yellow  Lake), 
feldspar/  parg(utite/  apatite^  pyroxene,  hornblende,  sphene,  zircon,  mica,  Huorite,  serpen- 
tine, automolite,  pearl  spar,  graphite. 

Russel. — PargasitCf  specular  iron,  quurtz  (dodec.),  calcite,  serpentine,  rensselaerite, 
magnetite. 

SARATOGA  CO.— Greenfield.— (7// ry«o2>e;-ryi.^  garnet/  tourmaUne/  mica,  feldspar, 
apatite,  graphite,  aragonite  (in  iron  mines). 

SCHOHARIE  CO.— Ball's  Cave,  and  others.— Calcite,  stalactites. 

Carlisle. — Fibrous  barit^.,  cryst.  and  Jib,  calcite. 

MiDDLEBURY. — Anthracite,  calcite. 

Sharon. — Calcareous  tufa. 

ScuoiiARiE. — Fibrous  celestite,  strontianite  /  eryst.  pyrite/ 

SENECA  CO. — Canoga. — Nitrogen  springs. 

SULLIVAN  CO.— WuRTZBORo\— G<e&7itV^,  blende,  pyrite^  chalcopyrite, 

TOMPKINS  CO  —Ithaca.— Calcareous  tufa. 

ULSTER  CO.— Ellenville.— G^a?6'/i»Y€!,  blende,  chalcopyrite  /  quartz,  brookUe. 
Marbletown. — Pyrite. 

WARREN  CO.— QAiaT^yfTA.!^.— Massive fddspar. 
Chester. — Pyrite,  tourmaline,  rutile,  chalcopyrite. 
Diamond  Isle  (Lake  George). — Calcite,  quartz  crystals. 
Glenn's  Falls. — Rhomb  spar. 
JoiiNSBURO. — Fluorite/  zircon/  /  graphite,  serpentine, pyrite. 

WASHINGTON  CO.— Fort  As^.-^Oraphite,  serpentine. 
Granville. — LameUar  pyroxene,  massive  feldspar,  epidote. 

WAYNE  CO.— Wolcott.— Barite. 
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WESTCHESTFR  CO. — Anthony's  Nose. — Apatite^  pyrite,  caldte  !  in  very  large  tabular 
crystals,  grouped,  and  sometimes  incrusted  with  drusy  quartz. 

Davenport's  Neck. — Set-jxnUiie,  garnet,  sphene. 

Eastchestek.—  Blende,  pyrite,  chaloopyrite,  dolomite. 

Hastings. — TmnoUte^  white  pyroxene. 

New  RociiELiiE. — i^rpehtine,  brueite,  quaitz,  mica^  tremolite.  garnet,  magnesite. 

Peekskill. — Mica,  feldspar,  hornblende,  stilbite,  sphene;  three  miles  south,  emery. 

Rye. — tSejpefi tine,  ciiUfrite^  black  tourmaline,  tremolke. 

SiNOSiNO. — Pyroxene^  tremolite,  pyrite,  beryl,  azurite,  green  malachite,  cerussite,  pyromor- 
phite,  anglesite.  vauquelinite,  galenite,  native  silver,  chalcop3*rite. 

West  Fakms. — Apatite,  tremolite,  garnet,  stilbite,  heulandite,  chabazite,  epidote,  sphene. 

YoNKEKs — Tremolite^  apatite,  calcite,  analcite,  pyrite,  tourmaline. 

YouKTOWN. — iyUlimanite,  iiwnazite,  magnetite. 

NEW  JERSEY. 

Andover  Iron  Mine  (Sussex  Co.). — WiUemite,  brown  garnet. 

Allkntown  (Monmouth  Co.). —  Vicianite,  dufrenite, 

Belville. — Copper  mines. 

Bergen. — Calcite  /  dfiUditef  pectolite  (called  stellite) !  amilcite,  apophyllite!  gtneliniie, 
pre^iuite,  sphene,  stilbite,  mitroUt^,  heulandite,  laumontite,  cltabazite,  pyrite,  pseudomorphous 
Bteatite,  imitative  of  apophyllite,  diabantite. 

Brunswick. — Copper  mines;  native  c^ypper,  nialachitey  mountain  leather. 

Bryam. — Chondrodite,  spinel,  at  Roseville,  ejndote, 

Cantweli/8  Bridge  (Newcastle  Co.),  three  miles  west.— Vivianite. 

Danville  (Jemmy  Jump  Ridge). — Graphite^  chondrodite,  augite,  mica. 

Flem  ington. — Copper  mines. 

Frankfort. — Serpentine. 

Franklin  and  Sterling. — Spind!  garnet !  rhodonite  !  wiUemite  f  franklinite  !  zincite  ! 
dysluite!  hornblende,  tremolite,  chondrodite,  white  scufxdite,  black  tourmaline,  epidote,  pink 
calcite,  mica,  actinolite,  augite.  sahlite,  coccolite,  asbestus,  jeffersonite  (augite),  calamine, 
graphite,  fluorite,  beryl,  galenite,  serpentine,  honey-colored  sphene,  quartz,  chalcedony, 
amethyst,  zircon,  molybdenite,  vivianite,  tephroite,  rhodochrosite,  aragonite,  sussexite,  chal- 
cophanite,  rcepperite,  calcozincite,  vanuxemite,  g^ahnite.     Also  algerite  in  gran.,  limestone. 

Franklin  and  Warwick  Mts.— PynYd. 

Green  brook. — Copper  mines. 

Griggstown. — Copper  mines. 

Hamburoq. — One  mile  north,  ^nnd  !  tourmaUne,  phlogopite,  hornblende,  liinonite,  hematite. 

HoBOKEN. — Serpentine  (marmolite),  brueite,  nemalite  (or  fibrous  brueite),  aragonite,  dolo- 
mite. 

HURDSTOWN. — Apatite,  pyrrhotite,  magnetite. 

Im  le  yto  wn  .  — Viviani  te. 

Lock  WOOD. — Graphite,  cJiondrodite,  talc,  augite,  quartz,  green  spinel. 

Montville  (Morris  Co.). — Serpentine,  chrytiotile, 

MULLICA  Hill  (Gloucester  Co.). —  Vicianite  lining  belemnites  and  other  fossils. 

Newton. — Spind,  blue,  pink,  and  white  conmdum,  mica,  vesuvianite,  harnblende,  tourma- 
Une, seapolite,  rutile,  pyrite,  talc,  calcite,  barite,  pseuda?norp?u/us  steatite. 

Paterson. — Datolite. 

Vkrnon. — Serpentine,  spinel,  hydrotalcite. 

PENNSYLVANIA.* 
ADAMS  CO. — Gettysburg.— Epidote,  fibrous  and  massive. 

BERKS  CO. — MORGANTOWN. — At  Jones's  mines,  one  mile  east  of  Morgantown,  green 
malachite,  native  copper,  chrysocoU-a,  magnetite,  allophane,  pyrite,  chaloopyrite,  aragonite, 
apatite,  talc ;  two  miles  N.E.  from  Jones's  mine,  graphite,  sphene;  at  Steele's  mine,  one 
mile  N.W.  from  St.  Mary's,  Chester  Co.,  magnetite,  micaceous  iron,  coccolite,  bro^-n  garnet. 

Reading. — Smoky  quartz  crystals,  zircon,  stilbite,  iron  ore,  near  Pricetown,  zircon,  allan- 
ite,  epidote ;  at  Ecldiardt's  Furnace,  aUanite  with  zircon  ;  at  Zion's  Church,  molybdenite  ; 

*  See  alflo  the  Report  on  the  Mineralogy  of  Pennsylvania,  by  Dr.  F  A.  Genth,  1875. 
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near  Kutztown,  in  the  Giystal  Cave,  stalactites ;  at  Fritz  Island,  apophyUiU^  tbomaonite,  chaba^ 
tite,  oaldte,  azorite,  malachite,  magnetite,  chaloopyrite,  stibnite,  prochlorite,  pxeoioiia  ser- 
pentine. 

BUCKS  CO.— BucKiNonAH  Township.— Crystallized  qnartz;  near  New  Hope,  TesoTian- 
ite.  epidote,  barite. 

SoUTUAMiTON. — Near  the  villap^e  of  Feasterville,  in  the  quarry  of  George  Van  Arsdale, 
graphite,  pyroxene,  ^ahlite,  coccolite,  (tjihaie,  green  mica,  oalcite,  tcoUastonUs^  glassy  feld- 
spar aometimes  opalescent,  pblogopite,  blue  quartz,  g^amet,  zircon,  pyrite,  moroxite,  scapoUte. 

New  Britain. — Dolomite,  galenite,  blende,  malachite. 

CHESTER  CO. — Ayondale.— Asbestns,  tremolite,  garnet,  opaL 
CARBON  CO.— Summit  Hill,  in  coal  mines. — Kaolinite, 

Birmingham  Township. — Amethyst,  smoky  quartz^  serpentine,  beryl ;  in  Ab*m  Darling- 
ton's lime  qaarry,  calcite. 

East  Bradford. — Near  BufRngton's  bridge,  on  the  Brandywine,  cpreen,  blue,  and  gn^ 
cyanite,  the  gfray  cyanite  is  f oimd  loose  in  the  soil,  in  crystals  ;  on  the  farms  of  Dr.  Etwyn, 
Mrs.  Foulke,  Wm.  Gibbons,  and  Saml.  Entrikin,  amethyst.  At  Strode's  mill,  asbestua.  mag- 
nesite,  anlhophyllite,  epidote,  aquacrepitite,  oligoclase,  dnisy  quartz,  coUyrtteT  on  Os- 
borne's Hill,  wad,  m^tnganesifin  garnet  (massive),  sphene^  schorl ;  at  Caleb  Cope's  lime  quany, 
fe.tM  cUfloniite^  necronite,  garnets,  blue  cyanite,  yellow  aetinolite  in  talc ;  near  the  Blade 
Horse  Inn,  indurated  talc,  rutile  ;  on  Amor  Davis'  farm,  orthite!  massive,  from  a  grain  to 
lumps  of  one  pound  weight ;  near  the  paper-mill  on  the  Brandywine,  zircon^  associated  witii 
titaniferous  iron  in  blue  quartz. 

West  Bradford. — Near  the  village  of  Marshalton,  green  cyanite,  rutile,  scapolite,  pyrite, 
staurolite;  at  the  Chester  County  Poor-house  limestone  quarry,  chrsterlite!  in  crystals  im- 
planted  on  dolomite,  rutile  !  in  brilliant  acicular  ciystalH,  which  are  finely  terminated,  cal- 
cite in  scalcnohedrons,  zoisite.  dainourite,  f  in  radiated  groups  of  crystals  on  dolomite,  quartt 
crystals  ;  on  Smith  &  McMullin's  farm,  epidote. 

Charlestown. — Pyromorphite,  cerusnite^  galenite^  quartz. 

Coventry.— Allanite,  near  Pnghtown. 

South  Coventry.— In  Chrisman's  limestone  quarry,  near  Coventry  village,  angiU-, 
sphene,  graphite,  zircon  in  iron  ore  (about  half  a  mile  from  the  village). 

East  Fallowfield.— Soapstone. 

East  Goshen. — Serpentine,  asbeatus^  magnetite  (loadstone),  garnet. 

Elk. — Menaccanite  with  muscovite,  chromite  ;  at  Lewisville,  black  UmrmaUne. 

West  Goshen. — On  the  Barrens,  one  mile  north  of  West  Chester,  amianthus,  serpentine, 
cellular  quartz,  jasper,  chalcedony,  drusy  quartz,  chlorite,  marmolite,  indurated  talc,  mag- 
nesite  in  radiated  crystals  on  serpentine,  hematite,  asbestus  ;  near  R.  Taylor's  mill,  chromite 
in  octahedral  crystals.  dmtcyUte,  radiated  magnesite,  aragonite,  staurolite^  garnet,  asbestos, 
epidote;  Zf finite  on  hornblende  at  West  Chester  water- works  (not  accessible  at  present). 

New  Garden. — At  Nivin's  limestone  quarry,  brftwn  tourmaline^  necronite^  scapolite,  apa- 
tite, brown  and  green  mica,  rutile,  aragonit<\  fibrrdite,  kaolinite^  tremolite. 

Kennktt. — Aetinolite,  brown  tourmaline,  browu  mica,  ejMote^  tremolite,  scapolite,  arO' 
gonite  ;  on  Wm.  Cloud's  farm,  sunstone!  !  chubazite,  sphene.  At  Pearce's  old-mill,  zoisite, 
epidot^y  sunstone  ;  sunstone  occurs  in  good  specimens  at  various  places  in  the  range  of  horn- 
blende rocks  running  through  this  township  from  N.E.  to  8.W. 

Lower  Oxford. — Garnets,  pyrite  in  cubic  crystals. 

London  Grove. — Rutile,  jasper,  chalcedony  (botryoidal),  large  and  rough  qnartz  crystals, 
epidote  ;  on  Wm.  Jackson's  farm,  yeUaw  and  black  t-oummline,  tremolite^  rutile,  green  mica, 
apatite,  at  Pusey's  quarry,  rutile,  tronolite. 

East  Marlborough. — On  the  farm  of  Baily  &  Brothers,  one  mile  south  of  Unionville, 
bright  yellow  and  nearly  white  totirmaline^  Chester  lite,  albite,  pyrite ;  near  Marlborough  meet- 
ing-house, epidote,  serpentine,  acicular  black  tourmaline  in  white  quartz ;  zircon  in  small 
perfect  crystals,  loose  in  the  soil  at  Pusey's  saw-mill,  two  miles  S.W.  of  Unionville. 

West  Marlborough.  —Near  Logan's  quarry,  staurolite,  cyanite,  yellow  tourmaline,  rutile, 
garnets ;  near  Doe  Run  village,  heituiti%  scapolite,  tremolite  ;  in  R.  Baily's  limestone  quarry, 
two  and  a  half  miles  S.W.  of  Unionville,  ^re/w«  tremoUtc,  cyanite^  scapolite. 

Newlin. — On  the  serpentine  barrens,  one  and  a  half  mile  N.E.  of  Unionville,  eorundumf 
mattsive  and  crystallized,  also  in  crystals  in  albUe,  often  in  loose  crystals  covered  with  a  thin 
coating  of  steatite,  spinel  (black),  talc,  picrolite,  brucite,  green  tourmaline  with  flat  pyram- 
idal terminations  in  albite,  unionite  (rare)  euphylUte^  mica  in  hexagonal  ciystalB,  feldapar^ 
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beryl!  in  hexagonal  ozystalfl,  one  of  which  weighs  51  lbs.,  pyrite  in  ci'bic  crystals,  chromic 
iron,  drusy  quartz,  green  quartz,  actinolite,  emeryliUj  chloritoid,  diallage,  oligodase;  on 
Johnson  Patterson's  farm,  massive  corundum^  titaniferous  iron,  clinoeftlore^  enierylite^ 
sometimes  colored  green  by  chrome,  albite,  orthodase,  halloysite,  margarite,  garnets,  beryl; 
on  J.  Lesley's  farm,  earundum,  crystallized  and  in  massive  lumps,  one  of  which  weighed 
5.200  lbs.,  diasjtoref  /  emeryUte!  euphyUite  crystaQized!  green  tourmaline^  transparent 
crystals  in  the  eu^phylliU,  orthoclase;  two  miles  N.  of  Unionyille,  magnetite  in  octahedral 
crystals ;  one  mile  £.  of  UnionviUe,  hematite ;  in  Edwards's  old  limestone  quarry,  purple 
fluorite,  rutile. 

East  Nottinoham. — Sand  chrome^  asbestus^  chromite  in  octahedral  crystals,  hallite,  beryl. 

West  Nottingham. — At  Scott's  chrome  mine,  chromite^  foliated  tale,  marmolite,  serpen- 
tine, chalcedony^  rhodochrome ;  near  Moro  Phillip's  chrome  mine,  a-nbe^tus  ;  at  the  magnesia 
quany,  deweylite,  marmolite,  magnesite,  leelite,  serpentine,  sand  chrome;  near  Fremont 
P.O.,  corundum. 

East  Pikeland.— Iron  ore. 

West  Pikeland. — In  the  iron  mines  near  Chester  Springs,  gibbsite,  zircon,  turgite,  heina- 
Ute  (stalactitical  and  in  geodes),  giithite. 

Penn. — Garnets,  agalmatolite. 

PENifSBURT. — On  John  Craig's  farm,  brown  garnets,  mica  ;  on  J.  Dilworth's  farm,  near 
Fairville,  mvacovite  /  in  hexagonal  prisms  from  one-quarter  to  seven  inches  in  diameter ;  in 
the  village  of  Fairville,  sunstone;  near  Brinton's  ford,  on  the  Brandy  wine,  chondrodite,  apJime^ 
diopside,  augite^  cocoolite ;  at  Mendenhall's  old  limestone  quarry,  fttid  quartz,  sunstone ;  at 
Swain's  quarry,  crystals  of  orthoclase. 

PocoPSON. — On  the  farms  of  John  Eotrikin  and  Jos.  B.  Darlington,  amethyst, 

Sadsbubt. — Rutile! I  splendid  geuiculated  crystals  are  found  loose  in  the  soil  for  seven 
miles  along  the  valley,  and  particularly  near  the  village  of  Parkesburg,  where  they  sometimes 
occur  weighing  one  pound,  doubly  geuiculated  and  of  a  deep  red  color ;  near  Sadsbury  village, 
amethyst,  tourmaline,  epidote,  miSc  quartz. 

Schuylkill. — In  the  railroad  tunnel  at  Phcenixyille,  dolomite!  sometimes  coated  with 
pyrite,  quartz  crystals,  yellow  blende,  brookite,  adcite  in  hexagonal  crystals  enclosing  pyrite  ; 
at  the  Wheatlky,  Bbookdale,  and  Chester  County  lead  mines,  one  and  a  half  mile 
S.  of  PhoQuixville,  p^i&fn^77>A}Y^.^  cerumte!  galenite,  angletdte!  !  quartz  crystals,  chalcopy- 
rlte,  barite,  fluorite  (white),  stolzite^  mulfenite!  calamine^  vanadinite^  blende!  mimetite! 
desoloizite,  guthite,  chrysocoUa,  native  copper,  malachite,  azurite^  limonite,  caicite,  sulphur^ 
pyrite,  melaconite,  pseudomalochite,  geradorffite,  chalcocitc  ?  covellite. 

Thohnbury. — On  Jos.  H.  Brinton's  farm,  muacovite  containing  acicular  crystals  of  tour- 
maline, rutile^  titaniferous  iron. 

Tredyffrin. — Pyrite  in  cubic  crystals  loose  in  the  soiL 

Uwchlan. — ^Massive  blue  quartz,  graphite. 

Warren. — Melanite,  feldspar. 

West  Qoshen  (one  mile  from  West  Chester).— Chromite. 

WiLLiSTOWN. — Magnetite,  chromite,  actinolite,  asbestus. 

West-Town. — On  the  serpentine  rocks,  3  miles  S.  of  West  Chester,  cUnocfdore  !  jefferisite! 
mica,  asbestus,  actinolite,  magnesite,  tak,  titaniferous  iron,  magnetite  and  massive  tourma- 
line. 

East  Whiteland. — Pyrite,  in  very  perfect  cubic  crystals,  is  found  on  nearly  every  farm 
in  this  township,  quartz  crystals  found  loose  in  the  soil. 

Webt  Whiteland. — At  Gen.  Trimble's  iron  mine  (south-east),  stalactitic  hematite! 
wateUite  /  /  in  radiated  stalactites,  gibbsite,  coQruleolactile. 

Warwick. — At  the  Elizabeth  mine  and  Keim's  old  iron  mine  adjoining,  one  mile  N.  of 
Knauertown,  aplome  gamtt!  in  brilliant  dodecahedrons,  flosfen'i,  pyroxene,  micaceous  hema- 
tite^ pyrite  in  bright  octahedral  crystals  in  calcite,  chrysocoUa,  chalcopyrite  massive  and  in 
single  tetrahedral crystals,  magnetite,  faseiadar  hornblende  !  bomite,  malachite,  broxcn  garnet^ 
calcite,  byssoUte !  serpentine ;  near  the  village  of  St.  Mary's,  magnetite  in  dodecohedral 
crystals,  melanite,  garnet,  actinolite  in  small  radiated  nodules ;  at  the  Hopewell  iron  mine, 
one  mile  N.W.  of  St.  Mary's,  magnetite  in  octahedral  crystals. 

OOLUMBIA  CO. — ^At  Webb*s  mine,  yellow  blende  in  calcite ;  near  Bloombuig,  cryst.  mag- 
netite. 

DAUPHIN  CO. — Kbau  Hummerstown. — Green  garnets,  cryst.  smoky  quartz,  feldspar. 

DELAWABE  CO. — ^Aston  Township. —  Amethyst,  corundum,  emerylite,  staurolite,  JfM>- 
Ute^  blacsk  tourmaline,  margarite,  sunstone,  asbestus,  anthophylllte,  steatite;  near  Tyson'e 
niU,  ganiety  staoroUte ;  at  Peter's  mill-dam  in  the  creek,  pyrope  garnet. 
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BiRMiNonAM. — Fibrolite^  kaolin  (abundant),  crystalB  of  mtile,  amethyst;  at  BaIlook*8  old 
quam',  zircon,  buchoUite,  naorite,  yellow  crystallized  quartz^  feldspar. 

Bluk  Hill. — Green  quartz  crystals,  spinel. 

CuKSTKK. — Amethyst^  black  tounnaline,  beryl,  crystals  of  feldsjyar,  garnet,  ctyst.  pyrito, 
mdytnlenite,  iwdybdite,  chaloopyrite,  kaolin,  uraninite,  muscorite,  orthoclase,  biiunutite. 

CinciiK«TKR- — Near  Trainer's  mill-dam,  beryU  tourmaline,  crystals  of  feldspar,  kaolin;  on 
Wm.  Eyre'a  farm,  tounnaUne. 

CoNcouD. — Cryittals  ofmica^  eryntaU  of  feld/ffpar^  kaoUn  abundant,  drvsy  qvartz  of  a  blue 
and  green  color,  meerschaum,  stellated  ir&molite,  some  of  the  rays  6^  in,  diameter,  antho- 
phylltte,  iibrolite,  acicular  crystals  of  r utile,  pyrope  in  quartz,  amethyst,  actinolite,  tnanganS' 
sUiit  fj4iruet,  beryl ;  in  Green's  creek,  j)yrope  garnet. 

DAUiiY. — Blue  and  gray  cyanite,  garnet,  staurolite,  zoisit^,  quartz,  beryl,  chlorite,  mica, 
limouite. 

Enr.EMONT. — Amethyst,  oxide  of  manganese,  crystals  ot  feldspar  ;  one  mile  east  of  Edge- 
mont  Hall,  nttile  in  quartz. 

(iREKN's  Creek. — Qarnet  (so-called  pyrope). 

Haverpord. — Staurolite  with  garnet. 

Mauple. — Tourmahnt,  aiuUiUmtCy  amethyst,  actinolite,  anthophyUite,  talc,  radiated  acUr^ 
qUte  in  talc,  chromite,  drujty  q^iartz,  beryl,  cryst.  pyrite,  menaecamte  i?i  quartz,  chlorite. 

MiDULETowN. — Amethyst,  beiyl,  black  mica,  mica  with  reticulated  magnetite  between  tlM 
plates,  mnuganesian  garnets  !  large  trapezohedral  crystals,  some  8  in.  in  diameter,  indurated 
talc,  hexagonal  crystals  of  rutiU,  crystniM  of  mic^t,  green  quartz!  anthophyUite^  radiated  tour- 
maline, staurolite,  titanic  iron,  fibrolite,  ser])entine ;  at  Lenni,  chlorite,  green  and  bronze 
vennicuh'tf/  green  feldnpar  ;  at  Mineral  Hill,  fine  crystals  of  coruitdnm,  one  of  which  weighs 
If  lb.,  actinolite  in  great  variety,  bronzite,  green  feldspar,  motmst^ne,  sitnstone,  graphic 
gianlte,  nmgnesite,  octahedral  crystals  of  chromite  in  great  quantity,  beryl,  chalcedony, 
asbcstus,  fibrous  /lornfAende,  rutile,  stanrolite,  melanosiderito,  hallite;  at  Painter's  Farm, 
n<;ar  Dismal  Run,  zircon  with  oligoclase,  tremolite,  tourmaline ;  at  the  Black  Horse,  near 
Media,  corundum  ;  at  Hibbard's  Farm  and  at  Fairlamb's  Hill,  chromite  in  brilliant  octahe- 
drons. 

Nkwtoavn. — Serpentine,  hematite,  enstatite,  tremolite. 

Uppkr  Puovidence. — AnthfyphyUite,  tremolite,  radiated  ashestus,  radiated  actinolite,  tour- 
maline, beryl,  green  feldspar,  amet/iyxt  (one  found  on  Morgan  Hunter's  farm  weighing  over  7 
IbR.ji  nndiduKite  !  (one  terminated  crj-stal  found  on  the  farm  of  Jas.  Worrall  weighs  1\  Ibe.); 
at  Blue  Ilill,  very  fine  crystals  of  blue  quartz  in  chlorite,  amianthus  in  serpentine,  zircon. 

Lower  Providence. — Amethyst,  green  mica,  garnet,  large  crystals  of  feldspar!  (some 
over  100  lbs.  in  weight). 

Radnor. — Garnet,  marmolite,  deweylite,  chromite,  asbestus,  magnesite,  talc,  blue  quartz, 
picrolito,  limonite,  magnetite. 

Si»RiN(}KrKLD. — Ahdalusite,  tourmaline,  beryl,  titanic  iron,  garnet;  on  FelPs  Laurel  Hill, 
beryl,  garnet;  near  Beattie's  mill,  staurolite,  apatite;  near  Lewis's  paper-mill,  tourmaline, 
micrd. 

TnoRNWURY. — Amethyst. 

HU.VTINGDON  CO. —Near  Frankstown.— In  the  bed  of  a  stream  and  on  the  side  of  a 

hill,  fihrouti  cekudte  (abundant),  quartz  crystals. 

LANCASTER  CO.— Drumore  Townsiitp— Quartz  crystals. 

Fii.ToN. — At  Wood's  chrome  mine,  near  the  village  of  Texan,  brucitef  f  zaratite  (emerald 
nickels  I'ennite.'  ripidoUte!  kiimwererite !  hnltimor'ite,  chromic  iron,  vnlli&m^te,  c/trysolit^/ 
niannolite.  picrolite,.  hydromagnesite,  dolomite,  magnesite,  arofjonite,  calcito,  serpentine, 
heinntit(\  nienaccanite,  genthite,  chrome-garnet,  bronzite,  milleritc ;  at  Low's  mine,  hydro- 
mo  ijiu.^it.e,  hrucite  (lancasterite),  picrolite,  majrnesitc,  wiUianmite,  chromic  inm,  taic,  zaratite, 
baltimorito.  serpentine,  hematite  ;  on  M.  Boice's  farm,  one  mile  N.W.  of  the  village,  pyrite 
in  cuIm's  and  various  modifications,  authoj)hyUlte ;  near  Rock  Springs,  chalcedony,  camelian, 
moi^i  I'f/oft',  green  fourmoliue  in  talc,  titanic  iron,  chromite,  octahedntl  magnetite  in  chlorite  ; 
at  R<'vnol'l.-'s  old  mine,  calcite,  talc.  j)icrolite,  chrovnte  ;  at  Carter's  chrome  mine,  brookite. 

Gai'  3IIXES. — Chalcopyrite,  jyyrrhotile  (niccoliferous),  miUerite  in  botryoidal  radiations, 
tiriatd'e!  (rare),  actinolite,  siderite,  hisingerite,  pyrite. 

Pi:(2iKA  Valley. — Eight  miles  Kouth  of  Lancaster,  argentiferous  galenite  (said  to  contain 
200  to  ;>00  ounces  of  silver  to  the  ton  ?),  vauqiielinite,  rutile  at  Pequea  mine ;  four  miles  N.W. 
of  Lancaster,  on  the  Lancaster  and  Harriftburg  Railroad,  c/iUimite,  galenite,  blende  ;  pyrite  in 
cubic  crystals  is  found  in  great  abimdance  near  the  city  of  Lancaster  ;  at  the  Lancaster  zino 
mines,  calamine,  blende,  tennantite  t  smitJisonite  (pseud,  of  dolomite),  aurichaldte. 


AMERICAN   LOCALITIES.  463 

LEBANON  CO. — Cornwall. — Magnetite^  pynte  (cobaltiferous),  chalcopyrite,  native  cop- 
per, iizuirite^  malachite^  chrymccUa^  cwprite  (hydrocuprito),  aUophane^  broduuitite^  serpentine, 
quartz  pseudomorphs ;  galenite  (with  octahedral  cleavage),  tiuorite,  oovellite,  hematite  (mi- 
caceQus),  opal,  asbestas. 

LEHIGH  CO. — Frikdensville. — At  the  zinc  mines,  eaUimine^  smitlisonitt,  hydrozincite, 
massive  blende,  gnreenockite,  quartz,  allophane,  zinciferous  clay,  mountain  leather,  arugonite, 
sauconite  ;  near  AUentown,  magnetite,  pipe-iron  ore ;  near  Bethlehem,  on  S.  Mountain, 
alianite,  with  zircon  and  altered  sphene  in  a  single  isolated  mass  of  syenite,  magnetite,  mar- 
tite,  black  spinel,  tourmaline,  chalcocite. 

MIFFLIN  CO.— Strontianite. 

MONROE  CO. — In  Cherry  Valley. — Calcite,  chalcedony,  quartz;  in  Poconao  Valley, 
near  Judge  Mervine^s,  cryst.  quartz. 

MONTGOMERY  CO.— CoNsnoHOCKEN. — Fibrous  tourmaline,  menaocam'te,  aventurine 
quartz,  phyllite ;  in  the  quarry  of  Geo.  Bullock,  ealcite  in  hexagonal  prisms,  aragonite. 

Lower  Providence. — At  the  Perkiomen  lead  and  copper  mines,  near  the  village  of 
Shannonville,  azurite,  blende^  galenite^  pyromorphite,  cerussite,  wulfenite,  anglesite,  barite, 
calamine,  chalcopyrite,  malachite,  chrysocolla,  brown  spar,  cuprite,  covellite  (rare),  mela- 
conite,  libethenite,  pseudomalachite. 

White  Marhh. — At  D.  O.  Hitner's  iron  mine,  five  and  a  half  miles  from  Spring  Mills, 
limonite  in  geodes  and  stalactites,  gothite,  pyrolusite,  wad,  lepidocrocite  ;  at  Edge  Hill  Street, 
North  Pennsylvania  Railroad,  titanic  iron,  braunite,  pyrolusite;  one  mile  S.W.  of  Hitner's 
iron  mine,  Umonite,  velvety,  stalactitic,  and  fibrous,  fibres  three  inches  long,  turgite,  got  kite, 
pyrolusite,  relcet  manganeite,  wad ;  near  Marble  Hall,  at  Hitner's  marble  quarry,  white  mar- 
ble, granular  barite,  resembling  marble ;  at  Spring  Mills,  limonite,  pyrolusite,  gothite  ;  at 
Flat  Rock  Tunnel,  opposite  Manayunk,  ntUbit^,  htvUittdite,  chabimte,  ilvaite,  beryl,  feldspar, 
mica. 

Lafayette,  at  the  Soapstone  quarries. — Talc,  jefferisite,  garnet,  albite,  scri)entine,  zoisite, 
staurolite,  chalcopyrite  ;  at  Rose's  Serpentine  quarry,  opposite  Lafayette,  enstalite,  serpen- 
tine. 

NORTHUMBERLAND  CO.— Opposite  Selim's  Grove.— Calamine. 

NORTHAMPTON  CO.— Bushkill  To wnship. —Crystal  Spring  on  Blue  Mountain,  quarts 
crystals. 

Near  Eabton. — Zircon/  (exhausted),  nephrite,  coccolite,  tremolite,  pyroxene,  sahlite, 
limonite,  magnetite,  purple  ealcite. 

Williams  Township. — Pyrolusite  in  geodes  in  limonite  beds,  gothite  (lepidocrocite)  at 
Glendon. 

PHILADELPHIA  CO.— Frankford.  — Titanite  in  gneiss,  apophyllite  ;  on  the  Philadelphia, 
Trenton  and  Connecting  Railroad,  basanite ;  at  the  quarries  on  Frankfonl  Creek,  stilbite, 
molybdenite,  hornblende  ;  on  the  Connecting  Railroad,  wad,  earthy  cobalt ;  at  Chestnut  Hill, 
magnetite,  green  mica,  chalcopyrite,  fluorite. 

Fa IRMOUNT  Water  Works. — In  the  quarries  opposite  Fairmount,  autunite  !  torbemite, 
crystals  of  fddtfpar,  beryl,  pseudomorphs  after  beryl,  tourmaline,  albite,  wad,  mcnaccanite. 

GOROAS'  and  Crease's  Lane. — Tourmaline,  cyanite,  staurolite,  homstone. 

Near  Germantown. — BUick  toummlinc,  laumontite,  apatite;  York  Road,  tourmaline, 
beryl. 

Hestonville. — Alunogen,  iron  alum,  orthoclase. 

Heft's  Mill. — Alunogen,  tourmaline,  cyanite,  titanite. 

Manayunk. — At  the  soapstone  quarries  above  Manayunk,  talc,  steatite,  chlorite,  vermicu- 
lite,  nntfi/ophyJUte,  staurolite,  dolomite,  apatite,  asbestus,  brown  spar,  epsomite. 

Mbaoargee's  Paper-milL — Staurolite,  titanic  iron,  hyalite,  apatite,  green  mica,  iron  gar- 
nets in  great  abundance. 

McKinney's  Quarry,  on  Rittenhouse  Lane. — Feldspar,  apatite,  stilbite,  natroUte,  heuhn- 
cUte^  epidote,  hornblende,  erubescite,  malachite. 

Schuylkill  Falls. — Chabazite,  titanite,  fluorite,  epidote,  muscovite,  tourmaline,  pro- 
chlorite. 

SCHUYLKILL  CO.— Tamaqua,  near  Pottsville,  in  coal  miaes. —Eaoiinite, 

YORK  CO. — Bomite,  mtile  in  slender  prisms  in  granular  quartz,  ealcite. 


iM  APPENDIX. 


DELAWABEL 

N'EWCASTLE  CO.— BR.\yDTwiyE  SPBiyos.  —B^jfJtfAz'.U ,  fhrdiit  mbnndaat.  sUite.  vprn. 

ene  :  Braiidr  sriue  Hai}dr<r<l.  n3U.»corit«.  eticloiiizig  reticalatcd  nuif^netite. 

Drx'oN'g  Feldspar  Qcarrie^.  rx  miles  N.  W.  of  HHmixtgum  -theae  niiiiiif  bftvetea 
work€^]  for  th^  mAi^ufjictQre  of  porcelain-. — A^fulnria^  nUnlf,  »Ai^of^u^^  hnyL  apaUU^  eiJUM 
r/f/^/r.-jr/y/,,^  /  /  boib  gTanalar  like  tiiat  from  Cerlon,  uid  cirsudlizAd.  rarei. 
till*-,  a.-V^KtTi'*.  l.Iack  tOHrtu:Cl:a  /  irare.i.  iudioAiU!  <xmre^,  q*>*fnA  in  pjTOxenfCy 

Dlpont*!?  Pomtjer  Mills. — ••  HTperBthene." 

Ea^tbt-rn'^  Limf.^tone  QL'ARRif>,  near  the  PennsylTuum  line. — TrfmatiU^  hrotmU, 

QiARRTViLLE. — Gtjutt.  Kp  jdume&e.  fibroUte. 

Near  Newark,  on  the  railroad. — Spbsrrosiderite  on  droi^  qnazti;.  jasper  (feiTiigmoiiiopal), 
crrrt.  FpathSc  iron  in  the  caritieii  of  oeUalar  qnaztz. 

Wa yV  QcAKKir.  ttro  mi]ef>  t^juxh  of  CeotreTi]!e. — F^idtpir  in  fine dearage  miii^  cp&iAe^ 
mi^*t .  'f'  '/•»  V  *  ** .  ym  It  *fitr  ^ u // rtz. 

WiLMiNOTOS.— In  Chriiftiana  quarries,  m/fnlUnd'ii  dinSagt. 

K£>'^LTT  Tt'Ri^PXKE.  near  Centre ville.—Cjanite  and  gamet. 

HARFORD  CO.— CerolitA. 

KENT  CO.— Near  Middletown,  in  Wm.  Folk's  marl  pits.—  IVrwntf^/ 
On  Chesapeake  axd  Delaware  Canal.- Retinaiphalt.  priite.  amber. 

SUSSEX  CO.— Near  Cape  Henlopen.— Vivianite. 

MARYLAND. 

Baltimore  (Jones's  Falls.  If  mile  from  B.  >. — Chabaxite  ihajdenitet.  heolaodite  (bean- 
montite  of  Levyj.  pyritc.  lenticular  carbonate  of  iron,  rniot.  *tuM'U. 

Sijct««n  miles  from  Baltimore,  on  the  Gunr.f«wder. — OrajJiiU. 

Twentv-three  miles  from  B..  on  th«-  fiunpjwder. —  T'li^. 

Twenty-five  miles  from  B..  on  the  Gunpowder. — M'igh€tiU.  t^jhfit4.  pycnxte. 

Thirty  mile*  from  B..  in  ^lont^'^jmery  Co.,  on  farm  of  S.  Eliot  — Gold  in  qnartx. 

Eig-ht  to  twenty  miles  north  of  B..  in  limestone. — TrtnvAiU,  n^^^iU.  jjfriU^  brown  and  jel- 
low  t'jurmaline. 

Fift^  n  iriiies.  north  of  B. — Sky-Vi'-^  r/'T^W^v^y  in  granular  limestone. 

Eighteen  mile*  north  of  B..  at  Scc^ti's  mills. — Ji'^ghttiU,  cyanite. 

Bare  Hills. —  Chr'/miU,  »i*}'»»u.*,  tnfK'AiU.  Ui\c,  hornblende,  serpentine,  chaloedoDy, 
meers/.haum.  baltimorite.  fh':l'*',  jf'rif^.  maj^notite. 

Cai'L  .S\i;le.  near  3Iagotby  K. — Amlxrr.  pyrite.  alum  slate. 

Carroll  Co. — Near  Syke^Tille.  Li^jerty  Minta*.  gold,  magnetite.  fiyn'U  octahedron*),  cM- 
e^^tyriff,  linnx'ite  carrollite  ;  a:  Pataj^^^-^j  Mines,  near  Finksbni^.  bomite.  malitMte,  saegen- 
ite,  Uhhititt,  rtiningtohiu,  magnetite,  rh'iV*f^^yriU  ;  at  Mineral  Hill  mine.  bomiU,  cfaaloopy- 
lite,  ore  of  nirk^l  wje  above  .  gvM,  magnetite. 

Cecil  Co..  north  part. — Chn^iuiU  in  terpentine. 

C'XfPTOWN.  Harford  Co. — Olive-colored  Vf^inrt^iUru.  diaUagt^  tale  of  green,  blue,  and  rose 
colors.  Vc/n/'/rr/j  'i^'t^j/tn*.  rhrou  iU,  Mtr^-^utiuK. 

Deer  Crkek. — JiagndiU  !  in  chlorite  slate. 

Frederick  Co. — Old  Liberty  mine,  near  Li>ierty  Town,  black  copper,  malachite,  chalco- 
cite.  fe|..ecular  iron;  at  DoKyLy>Ie  mine,  IfjrhiU,  chalcopyrite,  pyrite.  aigentif erons galenite in 
dolomite. 

iloNTGOMERT  Qo.—Oiidt  of  mnngaitfJUf. 

S4jiiEii<ET  and  Worcester  Cos..  north  part, — Bc-g-iron  ore,  ririarute. 

St.  M.%ry*9  Riter. — Gjfp^um  !  in  clay. 

PTLESVILLE,  Harfoid  Co. — Asbestns  mine. 

VIRGINIA  AND  DISTRICT  OF  COLUMBIA. 

Albe3€arle  Ca.  a  little  west  of  the  (ireen  Mts. — SteniiU,  gmphite,  galenite. 
Amu  erst  Co..  along  the  west  base  uf  BufEalo  ridge. — O^^iper  or^s,  allanite,  etc 
Augusta  Co. — At  Weyer's    or  W«rir*5t  cave,  sixteen  miles  northeast  of  Stauntoa,  sad 
eighty-one  miles  northwest  of  Richmond,  calcite.  stalactitea 
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BucKmoHAM  Co. — Odd  at  Gamett  and  Moseley  mines,  also,  pyrite,  pyrrbotite,  coloite, 
garnet ;  at  Eldridge  mine  (now  London  and  Virginia  mines)  near  by,  and  tbe  Buckingbam 
mines  near  Mays'nlle,  gold,  aoriferoos  pyrite,  cbalpopyrite,  tennantite,  harite  ;  cyaivUe^  tour- 
maUne^  acUnoUte, 

Chesterfield  Co. — Near  tbis  and  Ricbmond  Co.,  bituminous  coal,  native  coke. 

CULPEPPEU  Co.,  on  Rapidan  river. — Gold,  pyrite. 

Franklin  Co. — Grayisb  steatite. 

Fauquier  Co.,  Bamett^s  mills. — Asbestus,  gold  mines,  barite^  caicUe. 

Fluvanna.  Co. — Gold  at  Stockton's  mine  ;  also  tetradymite  at  "  Tellurium  mine." 

Fhenix  Copper  mlnef>. — ChaUopyrite^  etc 

Georgetown,  D.  C— Rutile. 

Goochland  Co.  —Gold  mines  (Moss  and  Busby^s). 

Harfer^s  Ferrt,  on  botb  sides  of  tbe  Potomac. — Tburingite  (owenite)  witb  quartz. 

Jefferson  Co.,  at  Sbepberdstown. —Fluor. 

Kenawha  Co. — At  Kenawba,  petroleum^  brine  springs,  cannel  coal. 

Loudon  Co. — Tabular  quartz,  drase,  pyrite^  talc,  ehhritey  soapstone,  asbestus,  ehronUte^ 
aetinolite,  quarts  crystals  ;  nueaceous  iron,  bomite,  malacbite,  epidote,  near  Leesburg  (Poto- 
mac mine). 

LouiaA  Co. — ^Walton  gold  mine,  gold,  pyrite,  cbalcopyrite,  argentiferous  galenite,  siderite. 
blende,  anglesite  ;  boulangerite,  blende  (at  Tinder's  mine). 

Nelson  Co. — (Galenite,  cbalcopyrite,  malacbite. 

Orange  Co. — Western  part,  Blue  Ridge,  specular  iron ;  gold  at  tbe  Orange  Grove  and 
Yaucluse  gold  mines,  worked  by  the  **  Freehold  *'  and  "  Liberty  "  Mining  Companies. 

Rockbridge  Co.,  three  miles  southwest  of  Lexington. — Barite. 

Shenandoah  Co.,  near  Woodstock. — Fluorite. 

Mt.  Alto,  Blue  Ridge. — Argillaceous  iron  ore. 

Sfottstlvania  Co.,  two  miles  northeast  of  Chancellorville. — Cyanite  ;  gold  mines  at  the 
junction  of  the  Rappahannock  and  Rapidan;  on  the  Rappahannock  (Marshall  mine) ;  White- 
nail  mine,  affording  also  tetradymite. 

Stafford  Co.  ,  eight  or  ten  miles  from  Falmouth — Micaceous  iron,  gold,  tetradymite,  sil- 
Ter,  galenite,  vivianite. 

Washington  Co.,  eighteen  milcH  from  Abington. — Hock  salt  with  gypnum. 

Wythe  Co.  (Austin's  mines).—  Cerustsite,  minium,  plumbic  ocfire,  blende,  calamine,  galenite, 
graphite. 

On  the  Potomac,  twenty-five  mUes  north  of  Washington  city. — Native  sulphur  in  gpray 
oompact  limestone. 

NORTH  CAROLINA. 

Ashe  Co. — Malachite,  cbalcopyrite. 

Buncombe  Co.,  (now  called  Madison  Co), — Corundum  (from  a  boulder),  mnrgarite,  comn- 
dophilite,  garnet,  chromite,  \iBxi\/G,  fluorite,  rutile,  iron  ores,  manganese,  zircon;  at  Swan- 
xianoa  Gap,  cyanite. 

Burke  Co. — Gold,  monazite,  zircon,  beryl,  corundxim,  garnet,  sphcne,  graphite,  iron  ores, 
tetradymite,  montanite. 

Cabarrus  Co. — Phenix  Mine,  gold,  barite.  cftak4)pyrite,  auriferous  pyrite,  quartz,  psendo- 
morph  after  barite,  tetradymite,  montanite  ;  Pioneer  mines,  gold,  liinonite,  pyrolusite,  bovu- 
hardite,  icolfram,  t'CheelUe,  cnprotungstitc,  tungstite,  diamond,  chrysocolla,  chalcocite.  molyb- 
denite, chaicopyrite,  pyrite  ;  White  mine,  needle  ore,  cbalcopyrite.  barite ;  Long  and  Muse's 
mine,  argentiferous  galenite,  pyrite,  chaicopyrite,  limonite  ;  Boger  mine,  tetrndymit^e ;  Fink 
mine,  valuable  copper  ores ;  Mt.  Makius,  tetrahedrite,  magnetite,  talc,  blende,  pyrite,  prous- 
tite,  galenite  ;  Bangle  mine,  scheelite. 

Caldwell  Co. — Chromite. 

Chatham  Co. — Mineral  coal,  pyrite,  chloritoid. 

Cherokee  Co. — Lron  ores,  gold,  galenite.  corundum,  rutile,  cyanite,  damonite. 

Cleveland  Co. — White  Plaius,  quartz,  crystals,  bmoky  quartz,  tourmaline,  rutile  in  quartz. 

Clay  Co. — At  the  Cullakenee  Mine  and  elsewhere,  corundum  (pink),  zoisite,  tourmaline, 
margarite,  willcoxite,  dudleyite. 

Davidson  Co. — King's,  now  Washington  mine,  native,  silver,  cerussite,  anglesite,  scheelite. 
pyromorphite,  galenite,  blende,  malachite,  black  copper,  wavellite,  garnet,  stilbite  ;  five  miles 
oom  Washington  mine,  on  Faust's  farm,  gold,  tetradymite,  oxide  of  bismuth  and  tellurium, 
montanite,  chaicopyrite,  limonite,  spathic  iron,  epidote ;  near  Squire  Ward's,  gold  in  crys- 
tals, electrum. 

Franklin  Co. — At  Partiss  mine,  diamonds. 

GAflrroN  Co. — Iron  ores,  corundum,  margarite:    near  Crowder^s  Mountain  (in  what  wan- 

30 
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formerly  Lincoln  Co.),  Utztdite,  eyanite^  garnet^  graphite  ;  also  twenty  miles  northeast,  near 
south  end  of  Glubb^s  Mtn.,  lazalite,  cyanite,  talc,  mtile,  topaz,  pifTophyUUe ;  King^s  Moui- 
tain  (or  Briggs)  Ifine,  native  tellurium,  altaite,  tedradymite,  montanite. 

GniLFORU  Co. — McGuIlocb  copper  and  gold  mine,  twelve  miles  from  Greensboro',  goUL^ 
pyrite^  cfialc/jpyrite  (worked  for  copper),  guftrtz,  siderite.  The  North  Carolina  Copper  Co.  are 
working  the  copper  ore  at  the  old  Fentress  mine ;  at  Deep  River,  compact  pjfrophyBiU 
(worked  for  slate-pencils). 

Haywood  Co.-— Corundum,  margarite,  damourite. 

HENDEK8i)N  Co. — Zircon,  sphene  (xanthitane). 

Jackson  Co. — Alunogen?  at  Smoky  Mt.;  at  Webster,  serpentine,  chromite,  genthite, 
chrywAite,  talc;  Ilngbalt  Mt,  pink  corundum,  margarite,  tourmaline. 

Lincoln  Co. — Diamond  ;  at  Randleman*s.  nmethy$t^  rose  quartz. 

Macon  Co. — Franklin,  Culsagee  Mine,  corundum,  spinel,  diaspore,  tourmaline,  damonzite, 
prochlorite,  culsageeite,  kerrite,  maconite. 

McDowell  Co. — Brookite,  monazite.  corundum  in  small  crystals  red  and  white,  zireon^ 
garnet,  beiyl,  sohene,  xenotime,  rutile,  elastic  sandstone,  iron  ores,  pyromelane,  tetrady- 
mite,  montanite. 

M.VDisoN  Co. — 20  miles  from  Asheville,  corundum,  maigarite,  chlorite. 

Mecklen HIIRO  Co. — Near  Charlotte  (Rhea  and  Cathay  mines)  and  elsewhere,  e^urUY>pyrite, 
gold;  chalcotrichite  at  McGinn's  mine;  Immhardtite  near  Charlotte;  pyrophyllite  in  Cot- 
ton Stone  Mountain,  diamond ;  Flowe  mine,  sche elite,  wolframite  ;  Todd's  Branch,  mona- 
zite, 

Mitchell  Co. — Sfirnanikite,  pyrochlore'?),  euxenite,  columbite,  museociU. 

MoNTCWMKRY  Co. — Steele*8  mine,  ripidolite,  albite. 

Moore  Co. — Carbonton,  compact  pyrophyllite. 

Rowan  Co. — Gold  Hill  Mines,  thirty-eight  miles  northeast  of  Charlotte,  and  fourteen 
from  Salisbury,  gold,  auriferous  pyrit«  ;  ten  miles  from  Salisbury,  feldspar  in  crystals,  Wi- 
muthinite. 

Randolph  Co.— Pyrophyllite. 

Rutherford  Co. — Ooiii,  graphite,  bismuthic  gold,  diamond,  euclase,  pseudomorpktnti 
quartz?,  chalcedony,  corundum  in  small  crystals,  ejtidote^  pyrope,  brookite,  zircon,  monazite, 
ruth  erf ordite,  samarskite,  quartz  cryMaU^  itacolumyte ;  on  the  road  to  Cooper*8  Gap, 
cyanite. 

Stokes  and  Suruy  Cos.— Iron  ores,  graphite. 

Union  Co. — Lemmond  gold  mine,  eighteen  miles  from  Concord  (at  Stewart's  and  Moore's 
mine),  gold,  quartz,  blende,  argentiferous  galenite  (containing  29*4  oz.  of  gold  and  86*5  os. 
of  silver  to  the  ton,  Genth),  pyrite,  some  chalcopyrite. 

Yancey  Co. — Iron  ores,  amianthus,  chromite,  g^amet  (spessartite),  samaiskite. 

SOUTH  CAROLINA. 

Abbeville. — Disr. — Oakland  Gruve,  gold  (Dom  mine),  galenite,  pyromorphite,  amethjvt, 
garnet. 

Anderson  Dirt. — At  Pendleton,  actinolite^  galenite,  kaolin,  tourmaline. 

Cn  A  RLE8TON.  — SHenite. 

Chkowee  Valley. — Galenite,  tourmaline,  gold. 

Chesterfield  Dist.— Gold  (Brewer's  mine),  talc,  chlorite,  pyrophyllite,  pyrite,  native 
bismuth,  carbonate  of  bismuth,  red  and  yellow  ochre,  whetstone,  enargite. 

Dari.inoton.— Kaolin. 

Edoefield  Dist. — Psilomelane. 

Greenville  Dist.— Galenite,  pyromorphite,  kaolin,  chalcedony  in  buhrstone,  beryl, 
plumbago,  epidote.  Ufurmaline. 

Kershaw  Dist. — ItutUe. 

Lancaster  Dist.— Gold  (Hale's  mine),  talc,  chlorite,  cyanite,  elastic  sandstone,  pyrite ; 
gold  also  at  Blackman*s  mine,  Massey's  mine,  Ezell's  mine. 

Laurens  Dist. — Corundum,  damourite. 

Newberry  Dist. — Leadhillitc. 

Picken's  Dist. — Gold,  manganese  ores,  kaolin. 

Richland  Dist.  — Chiastolite,  novaculite. 

Spartanburg  Dist. — Magnetite,  chalcedony,  hematite ;  at  the  Cowpens,  limonite,  ffrapkil€y 
limestone,  copperas ;  Moigan  mine,  leadhillite,  pyromorphite,  cerussite. 

Sumter  Dist. — Agat€. 

Union  Dist. — Fairforest  gold  mines,  pyrite,  chalcopyrite. 

ToKK  Dist. — Limestones,  whetstones,  witherite,  biirite,  tetradymiie. 


AHEBICAN  LOCALmES.  467 


GEORGIA. 

Burke  and  Scriven  Cos. — Hyalite. 

Cherokee  Co. — At  Canton  Mine,  chaloopyrite,  galenite,  claustbalite,  plumbognmmite, 
hitchoockite,  arsenopyrite^  lanthanite,  h/inislte,  cantouUe^  pyromorphite,  antomollte,  zinc, 
staurolite,  cyanite  ;  at  Ball-Gronnd,  spodnmene. 

Clark  Co.,  near  Clarksville. — Gold,  xenotime,  zircon,  rutile,  cyanite,  hematite,  garnet, 
quartz. 

Dade  Co. — Halloysite,  near  Rising  Fawn. 

Fannin  Co. — StaunAUe!  chalcopyrite, 

HABERSiiA>f  Co. — Odd,,  pyrite,  chalcopyrite,  galenite,  hornblende,  garnet,  quartz,  kaolinite, 
soapetone,  chlorite,  rutUe^  iron  ores,  tourmaline,  staurolite,  zircon. 

Hall  Co. — Gold^  quartz,  kaolin,  diamond. 

HANCt)CK  Co. — Agate,  chalcedony. 

Heard  Co. — Molybdite,  quartz. 

Lincoln  Co. — LazuUtell  ndUe! !  hematite,  cyanite,  menaccanite,  pyrcphyUUe^  fifo^cl, 
itacolumyte  rock. 

LoWNS  Co. — Corundum. 

Lumpkin  Co. — At  Field's  gold  mine,  near  Dahlonega,  ^oM,  tetradymUe^  pyrrhotite,  chlorite, 
menaccanite,  allanite,  apatite. 

Rabun  Co. — Gold,  chalcopyrite. 

Spauldino  Co. — Tetradymite. 

Washington  Co.,  near  Saundersville. —  WavdUte,  fire  opal 

ALABAMA. 

Bibb  Co.,  Centreville. — Iron  oreit^  marble,  harite^  coal,  cobalt. 

Tuscaloosa  Co. — Coal,  galenite,  pyrite,  vivianite,  limonite,  calcite,  dolomite,  cyanite, 
steatite,  quartz  cr^'stals,  manganese  ores. 
Benton  Co. — Antimonial  lead  ore  (boulangerite  ?) 
Tallapoosa  Co.,  at  Dudley ville. — Corundum,  spinel,  tourmaline. 

FLORIDA. 

Near  Tampa  Bay. — Limestone,  sulphur  springs,  chalcedony,  camelian,  agate,  silicified 
ahells  and  corals. 

KENTUCKY. 

Anderson  Co. — Galenite,  barite. 
Clinton  Co.— Geodes  of  quartz. 
Crittenden  Co. — Galenite,  fluorite,  calcite. 

Cumberland  Co. — ^At  mammoth  Cave^  gypsum  rosettes/  calcite,  stalactites,  nitre,  ep- 
soniite. 

Fayette  Co. — Six  miles  N.E.  of  Lexington,  galenite,  barite,  witherite,  blende. 
Livingstone  Co.,  near  the  line  of  Union  Co. — Galenite,  chalcopyrite,  large  vein  of  fluorite. 
Mercer  Co. — At  McAfee,  fluorUe,  pyrite.  calcite,  barite,  oelestite. 
Owen  Co.— Oalenite,  barite. 

TENNESSEE. 

Brown's  Creek. — Galenite,  blende,  barite,  celestite. 

Carter's  Co.,  foot  of  Roan  Mt. — S<i/ilitc^  magnetite. 

Claiborne  Co. — Calamine,  galenite,  smithsonite,  chlorite,  steatite,  magnetite. 

OoCKB  Co.,  near  Brush  Creek. — Cacoxene  ?  kraurite,  iron  sinter,  stilpnosiderite,  brown 
hematite. 

Datidbon  Co. — Selenite,  with  granular  and  snowy  g\psum,  or  alabaster,  crystallized  and 
OomiMUit  anhydrite,  fluorite  in  crystals?  calcite  in  crystals.     Near  Nashville,  blue  celestite^ 
(OEjatalUied,  fibTona,  and  radiated),  with  barite  in  limestone.     Haysboro',  galenite,  blende, 
M  the  gtangae  of  the  ore. 
Qg  — Mangani  te. 
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Jrfferaon  Co. — Calamins,  galenite,  fetid  badte. 

Knox  Co. — Mafpiesian  limestone,  Tiatice  iron,  variegated  marbles  ! 

Maury  Co. — Wavellite  in  limestone. 

Morgan  Co. — Epsom  salt,  nitrate  of  lime. 

Polk  Co.,  Ducktown  mines,  soatheast  oomer  of  State. — Melaconite,  ohaloopyrite,  pjrite, 
native  copper,  bomite,  rutile,  zautiu^  galenite,  harrmlSy  alisonite,  blende,  pyroxene,  tretnoHte, 
mfphntes  of  oopjter  and  iron  in  stalactites,  allophane,  rahtite,  chalcocite  (docktownite),  chal- 
cotrichite,  azurite,  malachite,  pyrrhotite^  limonite. 

Roan  Co.,  eastern  declivity  of  Cumberland  Mts. — ^Wavellite  in  limestone. 

8k V IKK  Co.,  in  caverns. — Epsom  salt,  soda  alum,  saltpetre,  nitrate  of  lime,  hreeda  marble. 

Smith  Co.^-Fiuorite. 

S&ioKY  Mt.,  on  declivity. — Hornblende,  garnet,  staurolite. 

WuiTK  Co.^Nitre, 

OHIO. 

Bainbridgr  (Copperas  Mt,  a  few  miles  east  of  B.). — Calcite,  barite,  pyrite.  copperas, 
alum. 
CANKiKLn. — Gyjwtm  ! 
DucR  Orrbk,  Monroe  Ca — Petroleum. 

Lakk  Kkik. — Strontian  Island,  eele»tite!  Put-in  Bay  Island,  eeleetite/  milphttr  f  calciteL 
LlVRHI^>OL. — Petroleum. 

Mariktta. — Argillaceous  iron  ore ;  iron  ore  abundant  also  in  Scioto  and  Lawrence  Coa. 
Ottawa  Co. — Gyi>sum« 
Poland. — Oyj)num  ! 

MICHIGAN. 

BrR8T  (Monroe  Co.). — Cafcite,  amethystine  quartz,  apatite,  celestite. 

Grand  RArms.— NfV/iiV<,  fib.  and  granulur  jjnrpsum,  cafcitf,  do'otnite,  anhydrite. 

•Lakk  Si'PKRIOR  Mini.vo  Rkgion. — The  four  principal  refpons  are  Keweenaw  Point.  Me 
Ri^yale,  the  Ontonagon,  and  Portage  Lake.  The  mines  of  Keweenaw  Point  are  along  two 
ranges  of  elevation,  one  known  as  the  Greenstone  Range,  and  the  other  as  the  Southern  or 
Boh^.'iuiau  Range  i.Whitnt'y') .  Tht)  cot))>er  occurs  in  the  trap  or  amygdaloid,  and  in  the  asso- 
ciated ixinglouiomte.  Xatice  Oij>}^r  !  fmiicf  tfilrrr  /  chalcopyrite,  bom  silver,  tetrahedrite. 
manganese  ores,  epidote,  prfhnite^  hiumontite,  datolitf^  heulaudite,  orthoclase.  ann'cite^  cha- 
baiite,  ctwipact  datolitc,  chrysooolla,  mtittitype  (Copi)er  Falls  mine\  leonhnrdite  ^ib.),  nna'eiU 
\ib.\  ap*iihylUtt'  vat  Cliflf  mino>,  tn>ff'iiftonift'  (ib.),  calcite,  quartz  ^in  crystals  at  Minnesota 
mine\  tH>miviot  datolite,  orthoclase  «Su|>orior  mine).  Mponite^  melaconite  (near  Copper  Har- 
Ivr,  but  oxhaustoiV,  chri'soix^lla  ;  on  Cluvolato  River,  galenite  and  sulphide  of  copper;  chal- 
oi^pyrite  and  native  cv"»p|H*r  at  Pnv'm*  Isle  ;  at  Albion  mine,  domeifhite  :  at  Prince  Vein,  harite, 
eii!eit*\  ttnuthyttt ;  at  Michipi«H>t«n  Ids.,  copper  nickel,  stilbite,  analcit« ;  at  Albany  and  Bos- 
ton mine.  Portage  Lake,  prthnitt\  auti'citt,  or(hf>c'iiitt\  cuprite;  at  SheMoo  location,  domey- 
i*i7f ,  irhitueyite^  a^iftnUmite  ;  Isle  Royale  mine.  Portage  Lake,  compact  datolite ;  Quincy  mine, 
caloito,  ctmi^uiot  datolite.  At  the  Spurr  Mountain  Iron  mine  .magnetite),  chlorite  peeodo- 
uiorph  after  garnet. 

M  VR^^rKTTK. — Manganite,  galenite ;  twelve  miles  west  at  Jackson  Mt.  and  other  minea, 
kttnutitr^  litnimitr^  got  hit  e/  magnetite,  jasper. 

Monroe, — Arag\mite,  aiKitite. 

Point  aux  Pkavx  vMonrv^  Oo.>. — Amethy9tine  y»mrf2,  aputite^  celeslite.  oi'cite. 

S\iiiN\w  Bay. — At  Alal>ai«tcr,  ^<;y/w»//'». 

Sti>ny  Point  ,Monn>e  Co. . — Aiiatiu\  amethystine  quarts,  celestite.  calcite. 

ILLINOIS, 

Gallatin  Co.,  <m  a  branch  of  Grand  Pierre  Creek,  sixteen  to  thirty jniles  from  Shawnee- 
town,  down  the  Ohio,  and  from  half  to  eight  mile<  from  this  river. —  17<>'<f  jt  torit^  .'  in  car- 
boniferous limestone,  Ivuite,  *MVrtjY<*,  blende.  bn>wn  irvm  ore. 

HANCtVit  Co. — At  Warsaw,  q*tiirtxge'\fr*'  cont;uning  M^cit^.'  t*/HiVrti»Rjr,  ti*Vw£f<,  b't^df.' 
brv»wn  spar,  pyrite,  aragonite,  gypsum,  bitiimen. 


*  See  als^^  Pumpelly ;    on  the  Pangenesis  of  c«>pper  an  1  its 
Snpexior.     Am.  J.  ScL>  IIL.  x,  K. 
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Hardin  Go. — Near  Rodclare,  cafeite^  galenite,  blende ;  five  miles  back  from  Elizabeth- 
town,  bog-iron  ;  one  mile  north  of  the  river,  between  Elizabeth  town  and  Bosiclare,  nitre, 

Jo  Daviks  Co. — At  Galena,  gahnite,  calcite,  pyrite^  blende;  at Marsden^s diggings,  galena 
lie  !  blende^  eentsnUe^  marcasite  in  stahictiiic  forms,  pjrite. 

JoLiET.  — Marble. 

QniNCY. — CctleiU!  pyrite. 

Scales  Mound. — Barite,  pyrite. 

INDIANA. 

LiHBSTONK  Caverns;  Corydon  Caves,  etc.— Ep9am  $alt. 

In  most  of  the  southwest  counties,  pj/rite,  iron  sulphate^  and  feather  alum ;  on  Sugar 
Greek,  pyrite  and  iron  stdphaU ;  in  sandstone  of  Lloyd  Co. ,  near  Uie  Ohio,  gypsum  ;  at  the 
top  of  the  blue  limestone  formation,  brown  spar^  calcite. 

Lawrence  Go. — Spice  YaUe,  kaolinite  (=indianaite). 

MINNESOTA. 

North  Shore  of  L.  Superior)  range  of  hills  running  nearly  northeast  and  southwest, 
extending  from  Fond  du  Lao  Superieure  to  the  Kamanistiqueia  River  in  Upper  Canada). — 
Scolecite,  apaphylUte^  prefinite^  stiUnte,  lauinontite^  JieulancUte.,  harmototne,  thomsonite,  fitwriie^ 
barite^  tourmaUne^  epidote,  hornblende,  calcite,  quartz  crystals,  pyrite,  magnetite,  stea- 
tite, blende,  black  oxyd  of  copper,  malachite,  native  copper,  chidcopyrite,  amethystine 
quartz,  ferruginous  quartz,  c/taleedony,  ctirneUnn^  agate,  drusy  quartz,  hyalite?  fibrous  quartz, 
jasper,  prase  (in  the  debris  of  the  lake  Rhore),  dogtooth,  spar,  augite,  native  silver,  spodumene  ? 
chlorite ;  between  Pigeon  Point  and  Foud  du  Lac,  near  Baptism  River,  saponite  (thalite)  in 
amygdaloid. 

Kettle  River  Trap  Range. — ^Epidote,  nail-head  calcite,  amethystine  quartz,  calcite, 
imdetermi>ied  zeolites,  saponite. 
.  Stillwater.— Blende. 

Falls  of  the  St.  Groix. — Malachite,  native  copper,  epidote,  nail-head  spar. 

Bainy  Lake. — Aotinolite,  tremolite,  fibrous  hornblende,  garnet,  pyrite,  magnetite,  steatite. 

WISCONSIN. 

Bia  Bull  Falls  (near).— Bog  iron. 

Blub  Mound&— Gemssite. 

Hazle  Green.— Calcite. 

Lac  Du  Flambeau  R. — Garnet,  cyanite. 

Left  Hand  R.  (near  small  tributary). — Malachite,  ohaloodte,  native  copper,  red  copper 
ore,  earthy  malachite,  epidote,  chlorite  f  quartz  crystals. 

Linden. —  Oalenite,  smithsonite^  hydrosincite. 

Mineral  Point  and  vicinity. — Copper  and  lead  ores,  chrysocolla,  aznrite!  chalcopyrite, 
malaohite,  galenUe^  cerussite,  anglesite,  blende,  pyrite^  barite,  calcite^  marcoHte,  Bmithaonitei 
(so-called  **  diy-bone  "). 

Montreal  River  Portaoe.— Galenite  in  gneissoid  gpranite. 

Sank  Go. — Hematite,  malachite,  chalcopyrite. 

Shullsbubg. — OaleniU/  blende,  pyrite  ;  at  Emmet's  digging,  galenite  and  pyrite. 

IOWA. 

Du  BuQUE  Lead  Mines,  and  elsewhere. — Oalenite!  calcite,  blende,  black  oxide  of  man- 
ganese ;  at  Ewing^s  and  Sherard^s  dig^gings,  smitJaonite,  calamine ;  at  Des  Moines,  quarts 
etystali!,  selenite  ;  Makoqueta  R. ,  brown  iron  ore  ;  near  Dnrango,  galenite. 

Cedar  River,  a  branch  of  the  Des  Moines. — tidenite  in  crystals,  in  the  bituniinous  shale 
of  the  ooal  measures ;  also  elsewhere  on  the  Des  Moines,  gypsum  abundant ;  argillaceous 
iron  ore,  spathic  iron ;  copperas  in  crystals  on  the  Des  Moines,  above  the  Mouth  of  Saap 
and  elsewhere,  pyrite,  blende. 

Fobt  l>oiiQ,K,~'Cde»tUe. 

Makoqueta. — Hematite. 

Vsw  Galena.— Octahedral  galenite,  anglesite. 
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MISSOURI. 

B IRMINO  HAH.  — Limonite. 

Gran  BY. — SjyJuUerite^  gdUnite^  calamine,  gnreenockite.  as  a  coating  on  ephalerite. 

JEPFKK80N  Co.,  at  Vallo's  diggings. — Galenite,  cerumte^  angleaite,  calamine,  chalcopj- 
rite  malachite,  azurite,  witherite. 

Mine  &  Burton. — Oalenite,  cerumte^  angleHte,  barite^  calcite. 

Deep  Digoings. — Malachite,  cerussite  in  crystals  and  manganese  ore. 

Madison  Co. — Wolframite. 

Mine  La  Mottr. — Oalenite!  malachite,  earthy  cobalt  and  nickel,  bog  manganese,  salph- 
ide  of  iron  and  nickel,  ccrumU^  caledonite,  plumbogummite,  wolframite,  negen*i&,  smaltite, 
aragonite. 

St.  Louia — MiUeriU^  calcite,  dolomite,  earthy  barite,  fluorite. 

St.  Francis  River.— Wolframite. 

Perry's  Diggings,  and  elsewhere. — Oalenite,  etc. 

Forty  miles  west  of  the  Mississippi  and  ninety  south  of  St.  Louis,  the  iron  moantainB, 
specular  iron,  limonite ;  10  m.  east  of  Ironton,  wolframite,  tungstite. 


ARKANSAS. 

Batesville. — In  bed  of  White  R.,  some  miles  above  Batesville,  gold. 

Green  Co. — Near  Gainesville,  lignite. 

Hot  Springs  Co. — At  Hot  Springs,  wavellite,  thuringite  ;  Magnet  Cove,  hrookitef  scAor- 
lomite,  elmilite^  magnetite,  quartz,  green  coccoJite,  garnet,  apatite,  perofskite  (hydrotitanite), 
rutile,  ripidolite,  thomsonite  (ozorkite),  microcline,  segirite. 

Independence  Co. — Lafferay  Creek,  psilomelane. 

L.\WRENCE  Co. — Hoppe,  Bath,  and  Koch  mines,  /tmit^isomte,  dolomite,  galenite;  nitre. 

Marion  Co. — Wood's  mine,  smithsonite,  hydrozincite  (marionite),  galenite  ;  Poke  bayou, 
brauniti? 

Ouachita  Springs.— QM^r/2.'  whetstones. 

Pulaski  Co.— Kellogg  mine,  10  m.  north  of  Little  Rock,  tetrahedfiU,  Unnantite^  nacritei 
galenite,  blende,  quartz. 

CALIFORNIA. 

The  principal  gold  mines  of  California  are  in  Tulare,  Fresno,  Mariposa,  Tuolumne.  Cala- 
veras, £1  Dorado,  Placer,  Nevada,  Yuba,  Sierra.  Butte,  Plumas,  Shasta,  Siskiyou,  and  Del 
Norte  counties,  although  gold  is  found  in  almost  every  county  of  the  State.  The  gold  ot-cnrs 
in  quartz,  associated  with  sulphides  of  iron,  copper,  zinc,  and  lead ;  in  Calaveras  and  Tuo- 
lomne  counties,  at  the  Mellones,  Stanislaus,  Golden  Rule,  and  Rawhide  mines,  associated 
with  tellurides  of  gold  and  silver ;  it  is  also  largely  obtained  from  placer  diggings,  and  further 
it  is  found  in  beach  washings  in  Del  Norte  and  Klamath  counties. 

The  copper  mines  are  principally  at  or  near  Copperopolis,  in  Calveras  county  ;  near  Genesee 
Valley,  in  Plumas  county ;  near  Low  Divide,  in  Del  Norte  county ;  on  the  north  fork  of 
Smith's  River ;  at  Soledad,  in  Los  Angeles  county. 

The  mercury  mines  are  at  or  near  New  Almaden  and  North  Almadeji,  in  Santa  Clara  county; 
at  New  Idria  and  San  Carlos,  3Ionterey  county ;  in  San  Luis  Obispo  ooim^ ;  at  Pioneer 
mine,  and  other  localities  in  Lake  county ;  in  Santa  Barbara  county. 

Alpine  Co. — Morning  Star  mine,  etutrgite,  stephanite,  polybasite,  barite,  quartz,  pyrite, 
tetrahedite. 

Amador  Co. — At  Volcano,  chalcedony,  hyalite. 

Alameda  Co. — Diabolo  Range,  magnesite. 

Butte  Co. — Cherokee  Flat,  diamond^  platinum,  iridoemine. 

Cal.vveras  Co. — Copperopolis,  chalcopyritCy  malachite,  axurite^  serpentine,  pierolite,  native 
copper,  near  Murphy's,  jasper,  opal ;  albite,  with  gold  and  pjriite  ;  Mellones  mine,  ealatmtej 
petiite, 

ContrA'Costa  Co.— San  Antonio,  chalcedony. 

Del  Norte  Co. — Crescent  City,  agate,  camelian;  Low  Divide,  chaloopyxiie,  bozniie, 
malachite ;  on  the  coast,  iridosmine,  platinum. 

El  Dorado  Co. — Pilot  Hill,  chidcopyrite ;  near  G^Tgetown.  hessite.  from  placer  dig- 
gings;  Roger^s  Claim.  Hope  Valley,  grosg^tfar  garnet,  in  copper  ore;  CokmiA, 
Spimish  D^  Diggings,  gold;  Granite  Creek,  roeooelite,  goML 
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FBB8NO  Go. — Ohowchillafl,  andcUurite, 

Humboldt  Ck). — Ciyptomorphite. 

Ikoo  Ck>. — ^Ingo  district,  galeniU^  eenusiU^  anglesite,  barUe^  atacamite,  oalcite,  grouu 
gamtti 

Lake  Co. — Boiax  Lake,  borax!  Rosaolite,  g^anherite  ;  Pioneer  mine,  cinnabar,  native  m 
cozy,  aelenide  of  mercury  ;  near  the  Geysers,  sulphur,  hyalite ;  Redington  mine,  mutacinj 
barite. 

Los  Angeles  Co. — Near  Santa  Anna  River,  anhyclriU ;  Williams  Pass,  chalcedon 
Soledad  mines,  chalcopyrite,  garnet^  g^ypsum;  Mountain  Meadows,  garnet,  in  coi>{)er  ore. 

Makipoha  Co. — Chalcopyrite,  itacolumyte ;  Centre ville,  cinnabar ;  Pine  Tree  iviine,  tet 
bedrite  ;  Bums  Creek,  limonite ;  Geyer  Gulch,  pyrophyllite  ;  La  Victoria  mine,  azurite  !  ni 
Coolterville,  euuiabar,  gold. 

Mono  Co.— Partzite. 

MoNTEBET  Co. — Alisal  Mine,  arsenic ;  near  Paneches,  chalcedony  ;  New  Idria  mine,  c 
nabar ;  near  New  Idria,  cbromite,  zaratite,  chrome  garnet ;  near  Pacheco^s  Pacs,  stibnite. 

Nevada  Co. — Grass  Valley,  goltl/  in  quartz  veins,  with  ]>yrite,  chalcopyrite,  blem 
azsenopynte,  galenite,  quartz^  biotite  ;  near  Truckee  Pass,  gypsum  ;  £xcelsior  Mine,  molj 
denite,  with  molybdenite  and  gold  ;  Sweet  Land,  pyrolusite. 

Placeb  Co.— Miner's  Ravine,  epidote!  nvith  quartz^  gold. 

Plumas  Co. — Genesee  Valley,  chalcopyrite  ;  Hope  mines,  hornite^  sulphur. 

Santa  Babbaba  Co. — San  Amedio  Ca&on,  stibnite,  asphaltum,  bitumen,  maltha,  pet 
learn,  cinnabar,  iodide  of  mercury  ;  Santa  Clara  River,  sulphur. 

San  Diego  Co. — Carisso  Creek,  gypsum  ;  San  Isabel,  tourmaline,  orthoclase,  garnet 

8an  Francisco  Co. — Red  Island,  pyrolusite  and  manganese  ores. 

Banta  Clara  Co. — New  Almaden,  dnnabar^  caleite^  aragonite^  serpentine,  chrysolil 
qnarti,  azagotite ;  North  Almaden,  chromite ;  Mt.  Diabolo  Range,  magnesito,  datolite,  wi 
Tesayianite  and  fgpimeit. 

San  Luis  Obispo  Co. — Aspholtum,  cinnabar,  native  mercury. 

San  Bebnabdino  Co. — Colorado  River,  agate,  trona;  Temescal,  oassiterite ;  Russ  D 
triot,  galenite,  cerussitc  ;  Francis  mine,  cerargyrite. 

Shasta  Co. — Near  Shasta  City,  hematite,  in  large  masses. 

Siskiyou  Co. — Surprise  Valley,  selenite,  in  large  slabs. 

Sonoma  Go. — Actinolite,  garnets. 

TULABE  Co. — Near  Visalia,  magncsite,  asphalt'im. 

Tuolumne  Co.— Tourmaline,  tremolite;  Sonora,  graphite ;  York  Tent,  chromite;  Gold 
Bole  mine,  peUite,  ealaceriU,  altaite,  hesaite,  magnesite,  tetrahedrite,  g^ld  ;  Whiskey  Hi 
gold/ 

Trinity  Co. — Cassiterite,  a  single  specimen  found. 

LOyrER  CALIFORNLi. 
La  Paz. — Cuproecheelite.     Loubtto. — Natrolite,  siderite,  selenite. 

UTAH. 

Beaver  Co. — Bismnthinite,  bismite,  bismutite. 

TiNTic  DiflTRICT. — At  the  Shoebridge  mine,  the  Dragon  mine,  and  the  Mammoth  vei 
Morgite  with  pyrite. 

Box  Elder  Co. — Empire  mine,  wulfenite! 

In  the  Wahsatch  and  Oquirrh  mountains  there  are  extensive  mines,  especially  of  ores 
lead  ridi  in  silver.  At  the  Emma  mine  occur  galenite,  cervautite,  cerussite,  wulfeni 
anuite,  malachite,  calamine,  anglesite,  linarite,  8i)halcrite,  pyrite,  argeutite,  ste^hani^ 
eta     At  the  Lucky  Boy  mine,  Butterfield  Cailon.,  orpiment,  realgar. 

One  hundred  and  twenty  miles  south-west  of  Salt  lAke  City,  tA}p(u  has  been  found  in  col< 
lenazyBtaLi. 

NEVADA. 

Oabbon  Valley.— Chiynolite. 

Churchill  Co. — Near  Ragtown,  gag-lustlU^  trona,  common  salt. 

OoiCvrocK  Lode. — Gold,  luitice  silioer^  argentUe^  ntephanit^^  polybtmU^  pyrargyrite,  prou 
tttSi  tetnhediite,  cerargyrite,  pyrite,  chalcopyrite,  galenite,  blende,  pyromorphite,  aliemo 
tito|  aaenoUte,  qnartz,  oalcite,  gypsum,  oerussite,  cuprite,  wuifenite,  amethyst,  kiistelite. 
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Esmeralda  Co. — Alam,  12  m.  north  of  Silver  Creek ;  at  Aurora,  flnorite,  stibnite  ;  near 
Mono  Lake,  native  copper  and  cuprite,  obsidian  ;  Columbus  district,  olexite ;  Walker  Lake, 
gypsum,  hematite  ;  Silver  Peak,  salt,  saltpetre,  sulphur,  silver  ores. 

Humboldt  District. — Shebamine,  natire  silver ^jamesonite,  stionite,  tetrahsdrite,  proos- 
tite.  blende,  cernssite,  caloite,  boumonite,  pyrite,  galenite,  malachite,  xanthooone  (?) 

Mammoth  District. — Orthoelase,  turquois,  hubneriUj  scheelite. 

RKK8K  KivKR  District. — Native  silver,  mvustite^  vyrarffyrite^  stephanite,  blende,  poly- 
basite,  rhodochrusite.  embolite,  Ut/ahedn'te /  oerargyrite,  embolite. 

San  Antonia. — Belmont  mine,  stetefeidtite. 

Six  Mile  CaSon. — deletiUs. 

Ormsbt  Co. — W.  of  Carson,  epidote. 

Storey  Co. — Alum,  natrolite,  scolezite. 

ARIZONA. 

On  and  near  the  Colorado,  gold,  silver,  and  copper  mines;  at  Bill  Williams*  Fork,  chiy- 
BOCoUa,  malachite,  atacamite,  brochantite ;  Dayton  Lode,  g^ld,  fluorite,  cerargyrite  *  Skinner 
Lode,  octahedral  fluorite ;  at  various  places  in  the  southern  part  of  the  territory,  silver  and 
copper  mines ;  Heintzelmaun  mine.  UromeyenU^  chalcocite,  tetrahecirite,  atacamite.  Mont- 
gomery mine,  Harsayampa  Dist ,  tetradymite.     Whitney ite,  in  Southern  Arixona. 


OREGON. 

Grold  is  obtained  from  beach  woHhings  on  the  southern  coast ;  quartz  mines  and  plaoei 
mines  in  the  Josephine  district ;  also  on  the  Powder,  Burnt,  and  John  Day^s  rivers,  and  other 
places  in  eastern  Oregon ;  platinum,  iridosmine,  laurite,  on  the  Rogue  River,  at  Port  Oxford, 
and  Cape  Blanco.     In  Curry  Co. ,  priceite. 

IDAHO. 

In  the  Owyhee,  Boise,  and  Flint  districts,  g<M^  also  extensive  silver  mines ;  Poor  Man  Lode, 
cerargynte!  proustUe^  pyrargyrite !  native  si'ver,  go'd^  pyromorphite,  quartz,  malachite; 
polybasite ;  on  Jordan  Creek,  stream  tin ;  Rising  Star  mine,  stephanite,  atgentiUy  pyrazgy- 
zite. 

MONTANA- 

Many  mines  of  gold,  etc.,  west  of  the  Missouri  R.  Highland  District. — Tetradymite. 
Silver  Star  Dist.— Psittacinito. 

In  the  Yellowstone  Park,  in  Montana  and  Wyoming  Territories. — Geyserite. — Amethyst  I 
cfujUcedony^  quartz  crystals,  quartz  on  calcite,  etc. 

COLORADO.* 

The  principal  gold  mines  of  Colorado  are  in  Boulder,  Gilpin,  Clear  Creek,  and  Jefferson 
Cos.,  on  a  line  of  country  a  few  miles  W.  of  Denver,  extending  from  Long^s  Peak  to  Pike's 
Peak.  A  large  portion  of  the  gold  is  associated  with  veins  of  pyrite  and  ohalcopyrite ;  silver 
and  lead  mines  are  at  and  near  Georgetown,  Clear  Creek  Co. ,  ajid  to  the  westwimi  in  Sum- 
mit Co.,  on  Snake  and  Swan  rivers. 

At  the  Georgetown  mines  are  found  :— native  silver,  pjrrargyrite,  argentite,  tetrahedrite, 
pyromorphite,  galenite,  sphalerite,  azurite,  aragonite,  barite,  fluorite,  mica. 

Trail  Crekk.— Garnet,  epidote,  hornblende,  chlorite ;  at  the  Freeland  Lode,  tetrahedriU^ 
tennantite,  anglesite,  caledonite,  cernssite.  tenorite,  sideritc,  azurite,  minium  ;  at  the  Cham- 
pion Lode,  tenorite,  azurite,  chrysocolla,  malachite;  at  the  Gold  Belt  Lode,  vivianite;  at 
the  Kelly  Lode,  tenorite ;  at  the  Coyote  Lode,  malachite,  cyanotrichite. 

Near  Black  Hawk. —At  Willis  Gulch,  enargite,  fluorite,  pyrite ;  at  the  Gilpin  County 
Lode,  cerargyrite  ;  on  Gregory  HQl,  feldspar;  North  Clear  Creek,  lievrite. — OaUniUl 

*  See  the  Catalogue  of  Minerals  of  Colorado  by  J.  Alden  Smith. 
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Bear  Creek. — Fluorite,  beryl;  near  the  Malachite  Lode,  malaMU^  cuprite^  vesayianite, 
topazolite ;  Liberty  Lode,  chalcocite. 

Snake  River. — Pezm  District,  embolite;  at  several  lodes,  pyrargyrite,  native  silver, 
aznrite. 

Rdssbll  District. — ^Delaware  Lode,  ehalcopyrite,  crystallized  gaUnite. — ^Epidote,  pyrite. 

Virginia  CaSon. — ^Epidote,  fluorite ;  at  the  Crystal  Lode,  native  silver,  spinel. 

Sugar  Loaf  District. — Chalcocite,  pyrrhotite,  garnet  (manganesian). 

Central  City. — Oamet,  tenorite ;  at  Leavitt  Lode,  molybdenite;  on  Gunnell  Hill,  mag- 
netite ;  at  the  Pleasantview  mine,  cerussite. 

GrOLDEN  CiTT. — Aragonite  ;  on  Table  Mountain,  leudte  in  amygdaloid. 

Bergen^s  Ranche.-— Oamet,  actinolite,  caloite. 

Boulder  Co.,  Red  Cloud  Mine. — ^Native  tellurium,  altaite,  hessite  (petzite),  sylvanite, 
calaverite,  schirmerite. 

Lake  City,  at  the  Hotchkiss  Lode. — Petzite,  calaverite  (?),  etc. 

Pikers  Peak,  on  Blk  Creek, — Amazomtone! !  smoky  quartz/  aventurine  feldspar^  ame- 
thyst, albitdj  fluorite,  hematite,  anhydrite  (rare),  columbite. 

CANADA. 

CANADA  EAST. 

Abercrombie.  —  Labradorite. 

Bay  St.  FAVi^.—Mennaccanite/  apatite,  allanite,  rutile  (or  brookite  ?) 

Aubert.  —  Gold,  iridosmine,  platinum. 

Bolton.  —  Ohromite.  magnesite^  serpentine,  picrolite,  steatite,  bitter  spar,  wad. 

BOUCHERVILLE. — Augite  SiL  tTB,^. 

Brome. — Magnetite^  chalcopyrite,  aphene,  menaccanite,  phyllite,  sodalite,  oanorinite, 
galenite,  chloritoid. 

Chabcbly.— Analcite,  chabazite  and  calcite  in  trachyte,  menaccanite. 

Chateau  Ricuer. — Labradorite^  hgpersthene^  andesite. 

Daillebout. — Blue  spinel  with  olintonite. 

Qrenville. — ^WoUastonite,  sphene,  vesuvianite,  calcite,  pyroxene,  steatite  (rensselaerite), 
garnet  (cinnamon-stone),  eircon^  graphite^  seapoUte. 

Ham. — Chromite  in  serpentine,  diallage,  antimony  /  aenarmantite  I  kermeaite,  valentinitey 
Btibnite. 

iNYERNEsa — Variegated  copper. 

Lake  St.  Francis. — AndoLaaUe  in  mica  slate. 

Landsdo  WN.  — Barite. 

Leeds. — Dolomite,  chalcopyrite,  gold,  chloritoid. 

Mills  Isles. — Labradorite!  menaccanite,  hypersthene,  andesite,  eircon. 

Montreal. — Calcite^  augit^,  sphene  in  trap,  chrysolite,  natrolite,  dawsonite. 

MoRiN. — SpJiene^  apatite^  labradorite. 

Orford. — White  garnet,  chrome  garnet  y  mUleritCy  serpentine. 

Ottawa. — Pyroxene. 

PoLTON. — Chromite,  ateatUe,  serpentine,  amianthus. 

RouGEMONT. — Augite  in  trap. 

Sherbrook. — At  Suffield  mine,  aJbite!  native  ailver,  argentite,  chalcopyrite,  blende. 

St.  Akmand. — Micaceous  iron  ore  with  quartz,  epidote. 

St.  Fran(;;ois  Beauce. — Gk>ld,  platinum,  iridosmine,  menaccanite,  magnetite,  serpentine, 
chromite,  soapstone,  barite. 

St.  Jerome. — Sphene.  apatite^  chondrodite,  phbgopite,  tourmaline,  zircon^  molybdenite, 
pyrrhotite. 

St.  Norbebt. — ^Amethyst  in  greenstone. 

Stukeley. — Serpentine,  verd-antigue  /  schiller  spar. 

BxjTTOff. -^Magnetite  in  fine  crystals,  hematite,  rutile,  dolomite,  magrusite,  chromiferooa 
tofe,  bitter  spar,  steatite. 

Upton. — Chalcopyrite,  malachite,  calcite. 

Vaudreuil. — Limonite,  vivianite. 

Tamaska.— Sphene  in  trap. 

CANADA  WEST. 

Arnprior. —Caloite. 

Balsam  Lake. — Molybdenite,  scapolite,  quartz,  pyroxene,  pyrite. 
Brantford. — Sulphuric  acid  spring  (4*2  parts  of  pure  sulphuric  acid  in  1000). 
Bathurst. — Barite,  bUtck  tourmaline,  perthite  (orthoclase),  periaterite  (albite),  bytatmits^ 
pyroxene,  wilsonite,  scapolite,  apatite,  titanite. 
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Bbockvtlle.— Pjiite. 

Brom  E.  —Magnetite. 

Bruce  Mi5E.m. — Caleite^  dolomite,  quartz,  chalcopjiite. 

BuROEFfl. — Pyroxene^  albite,  mUa^  Mppkirty  sphene,  chalcopjrite,  a/]^tiU^  Hack 
spodamene  liu  a  boulder),  serpentine,  biotite. 

Bytowx. — CalciU^  hytowniU^  chondrodite,  spinel 

Cape  Ipperwash.  Lake  Horon. — Oxalite  in  shales. 

Clarendon. —  VeminaniU. 

Daliiouhie.— Hornblende,  dolomite. 

Drum  M  und. — Labradorite. 

"ELiZABKTiiTOwy.—Piprr^otitejpyriU,  calcite,  magnetite,  talc,  phlogopite,  siderite, 
tite,  cacoxenite. 

Ei.MflEY. — Pyroxene,  sphene,  feldspar,  tourmaline,  apatite,  biotite,  zixooo,  red  qwud, 
chondro<lite. 

FiTZRriY, — Araber,  brown  UmrmaUne^  in  quartz. 

€r<ETiNEAU  RiVER,  BUsdelFH  Mills. — Calcite.  apatite*  tourmaline,  hornblende,  pyroxene. 

Grand  Calumet  Island. — AfMttitf,  pMoffopiU  !  jiyn^xene!  sphene,  tetutianiU/  /  seipen- 
tine,  tremolite,  seapofite,  brown  and  black  UmrtnaUtu  !  pyrite,  loganite. 

High  Falls  of  the  Madawaska. — Pyroxeiu!  hornblende. 

Hull. — Magnetite^  garnet,  graphite. 

HuNTKiibTowN. — Sc/ipofiU^  iqtltene,  vesu^ianite,  garnet,  brown  taurmaHne! 

H  UNT INOTON. — (UllciU  ! 

iNNifiKi  LLKX.  —Petroleum. 

K I  NO  8TOX. — Celestite. 

Lac  deh  Chats,  Island  Portage. — Broiru  toumiaJirie  !  pyrite,  calcite,  quartz. 

Lanark. — Ilaphilite  'hornblende,,  8er]>«ntine,  asbestus. 

Landstown. — Barite!  vein  27  in.  wide,  and  fine  crystals. 

M  ADOC.  — Magnetite. 

Ma  MORA. — Magnetite,  chalcolite,  garnet,  epsomite,  specular  iron. 

Ma  I M  AN8K.  — Pitchblende  (coracite,. 

McXaii. — Hematite,  barite. 

MicuiPicoTEN  Island,  Lake  Superior. — D&meykite,  nieealite,  genthiie. 

Nkwborouoil — Chondrodite,  graphite. 

Pack  KNii  AM . — Hornblende. 

Perth. — Apatite  in  large  beds,  phlogopite. 

South  Crosby.— Chondrodite  in  limestone,  magnetite. 

St.  Adkle. — Chondrodite  in  limestone. 

St.  Ionack  Island. — Caieite,  native  copper. 

Sydenham. — Celestite. 

Terrace  Cove,  Lake  Superior. — Molybdenite. 

Wallace  Mine,  Lake  Huron. — Hematite,  nickel  ore,  nickel  vitrioL 

NEW  BRUNSWICK.* 

Albert  Co. — Hopewell,  gypsum ;  Albert  mines,  coal  (albertite) ;  Shepody  Mountain, 
alunite  in  clay,  calcite,  iron  pyrites,  manganite,  psilomelane,  pyrolusiie. 

Carleton  Co. — Woodstock,  chaicopyrite,  hematite,  limonite,  wad. 

Charlotte  Co,  —  Campobello,  at  Welchpool,  blende,  chaicopyrite,  bomite,  galenite, 
pyrite ;  at  head  of  Harbor  de  Lute,  galenite  ;  Deer  Island,  on  west  side,  calcite,  magnetite, 
quartz  crystaln;  Digdignaah  River  on  west  side  of  entrance,  calcite/  (in  conglomerate^, 
chalcedony ;  at  Rolling  Dam,  graphite ;  Grundmanan,  between  Northern  Head  and  Dark 
Harbor,  agate,  amethyst,  apophyllite,  cdlcite,  hematite,  heulandite,  jasper,  magnetite,  natro- 
lite,  itUbit^ ;  at  Whole  Cove,  C(Ucite  !  heulandite,  laumontite,  stilbite,  semi-opal!  Wagagua- 
davic  River,  at  entrance,  azurite,  clialcopyrite  in  veins,  malachite. 

Gloucester  Co. — Tete-a-Gouche  River,  eight  miles  from  Bathurst,  chaicopyrite  (mined), 
oaeide  of  manganese  !  I  formerly  mined. 

KrNOH  Co. — Sussex,  near  Cloat's  mills,  on  road  to  Belleisle,  argentiferous  galenite ;  one 
mile  north  of  Baxtor*s  Inn,  specular  irau  in  crystals,  limonite ;  on  Capt.  McCready^s  farm, 
ulenite  1 1 

Restigouchb  Co. — Belledune  Point,  calcite/  serpentine,  verd-antigue ;  Dalhousie,  agate, 
camelian. 

*  For  a  more  complete  list  of  localities  in  New  Brunswick,  Nova  Scotia,  and  Newfound- 
land, see  catalogue  by  O.  0.  Marsh,  Am.  J.  ScL,  II.  xxxv.  210,  1863. 
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Saint  John  Co. — Black  River,  on  coast,  calcite,  chlorite,  chalcopyrite,  hematite!  Brandy 
Brook,  epidote,  homblendey  quartz  crystals ;  Carleton,  near  Falls,  caloite ;  Chance  Harbor, 
CfUcite  in  quartz  veins,  chlorite  in  argillaceous  and  talcose  slate ;  Little  Dipper  Harbor,  on 
west  side,  in  greenstone,  amethyst,  barite,  quartz  crystals  ;  Moosepath,  feldspar,  hornblende, 
muscovite,  black  tourmaliDC  ;  Musquash,  on  east  side  harbor,  copperas,  graphite,  pyrite  ;  at 
Shannon's,  chrysolite,  serpentine  ;  east  side  of  Musquash,  quartz  crystals !  ;  Portland,  at 
the  Falls,  graphite ;  at  Fort  Howe  Hill,  ca!cit^^  ^aphite  ;  Crow's  Nest,  asbestus,  chrysolite, 
magnetite,  ser]}fntine^  steatite;  Lily  Lake,  white  augite?  chrysolite,  graphite,  serpentine, 
steatite,  talc;  How's  Road,  two  miles  out,  epidote  (in  syenite),  steatite  in  limestone,  trenio- 
lite  ;  Drury's  Cove,  graphite,  pyrite,  pyrallolite  ?  indurated  talc ;  Quaco,  at  Lighthouse  Point, 
large  bed  oxyd  of  manganese ;  Sheldon's  Point,  actinolite,  asbestus,  calcite,  epidote^  mala- 
chite, specular  iron ;  Cape  Spenser,  asbestus,  calcite,  chlorite,  itpecu/ar  iron  (in  crystals) ; 
Westbeach,  at  east  end,  on  Evans'  farm,  chlorite,  talc,  quartz  crystaJs  ;  half  a  mile  west, 
chlorite,  chalcopyrite,  magnesite  (vein),  magnetite ;  Point  Wolf  and  Salmon  River,  asbestus, 
chlorite,  chrysocoUa,  chalcopyrite,  bomite,  pyrite. 

Victoria  Co. — Tabique  River,  agate^  carnelian,  jasper;  at  mouth,  south  side,  galenite  ; 
at  mouth  of  Wapskanegan,  gypsum,  salt  spring  ;  tiiree  miles  above,  stalactites  (abundant) ; 
Quisabis  River,  blue  phosphate  of  iron,  in  clay. 

Westmoreland  Co. — Bellevue,  pyrite;  Dorcester,  on  Taylor's  farm,  cannel  coal;  clay 
Ironstone  ;  on  Ayres's  farm,  asphaltum,  petroleum  spring ;  Grandlance,  apatite,  selenite  (in 
large  crystals) ;  Memramcook,  coal  (albertite) ;  Shediac,  four  miles  up  Scadoue  River,  coal. 

York  Co. — Near  Fredericton,  stibnite,  jamesonite,  berthierite ;  Pokiock  River,  stibnite, 
Un  pyrites  f  in  granite  (rare). 

NOVA  SCOTLA. 

Annapolis  Co. — Chute's  Cove,  apoyhyUite,  natrolite ;  Gates'  Mountain,  analcite,  magne- 
tite, mesolitef  rtativHte^  stilbite  ;  Martial's  Cove,  ana/cite/  chabazite,  heulandite ;  Moose 
River,  beds  of  magnetite ;  Nictau  River,  at  the  Falls,  bed  of  hematite  ;  Paradise  River,  black 
tourmaline,  smoky  quartz  !  !  ;  Port  George,  f arOelite,  laumontite,  mesolite,  stilbite  ;  east  of 
Port  George,  on  coast,  apophyllite  containing  gyrolite  ;  Peter's  Point,  west  side  of  Stonock's 
Brook,  apophyUite  !  calcite,  heulandite,  laumontite  !  (abundant),  native  copper,  stUbite  ;  St. 
Croix  Cove,  chabazite,  heulandite. 

Colchester  Co. — Five  Islands,  East  River,  barite!  calcite,  dolomite  (ankerite),  hematite, 
chalcopyrite ;  Indian  Point,  malachite,  magnetite,  red  copper,  tetrahedrite ;  Pinnacle  Islands, 
analcite,  calcite,  chabazite!  natrolite,  siliceous  sinter;  Londonderry,  on  branch  of  Great 
Village  River,  barite,  ankerite,  hematite,  limonite,  magnetite ;  Cook's  Brook,  ankerite,  hema- 
tite ;  Martin's  Brook,  hematite,  limonite ;  at  Folly  River,  below  Falls,  ankerite,  pyrite  ;  on 
high  land,  east  of  river,  ankerite,  hematite,  limonite ;  on  Archibald's  land,  ankerite,  b(trite^ 
hematite;  Salmon  River,  south  branch  of,  chaloopyrite,  hematite;  Shubenacadie  River, 
anhydrite,  calcite,  barite^  hematite,  oxide  of  manganese ;  at  the  Canal,  pyrite ;  Stewiacke 
River,  barite  (in  limestone). 

Cumberland  Co.— Cape  Chiegnecto,  barite;  Cape  D'Or,  analcite,  apophyUite! !  chaba- 
rite,  faroelite,  laumontite,  me^o/itf,  malachite,  natrolite^  native  c/ypper^  obsidian,  red  copper 
(rare),  vivianite  (rare) ;  Horse-shoe  Cove,  east  side  of  Cape  D'Or,  analcite,  calcite,  stilbite ; 
Isle  Haute,  south  side,  analcite,  apophyllite  !  !  calcite,  heulandite  !  !  natrolite,  mesolite,  stil- 
bite !  Jog^gins,  coal,  hematite,  limonite ;  malachite  and  tetrahedrite  at  Seaman's  Brook  * 
Partridge  Island,  analcite,  apophyllite!  (rare),  amethyst!  agate,  apatite  (rare),  calcite!} 
chabazite  (acadialite),  chalcedony,  cat's-eye  (rare),  gypsum,  hematite,  heulandite !  magne- 
tite, stilbite!  !  ;  Swan's  Creek,  west  side,  near  the  Point,  calcite,  gypsum,  heulandite^  pyrite  : 
east  side,  at  Wasson's  Bluff  and  vicinity,  analcite!  !  apophyllite!  (rare),  calcite,  chabazite! / 
(acadialite),  gypsum,  heulandite! !  natrolite!  siliceous  sinter;  Two  Islands,  moss  agate, 
analcite,  calcite,  chabazite,  lieulandite  ;  McKay's  Head,  analcite,  calcite,  heulandite,  siliceous 
sinter  ! 

DiOBY  Co. — Brier  Island,  native  copper,  in  trap;  Digby  Neck,  Sandy  Cove  and  vicinity, 
agate^  amethyst^  calcite^  dtabazite,  hematite!  laumontite  (abundant),  magnetite,  stidnte. 
quartz  crystals ;  Gulliver's  Hole,  magnetite,  stilbite !  ;  Mink  Cove,  amethyst,  c?iabazite  / 
quartz  crystals;  Nichols  Mountain,  south, side,  amethyst,  magnetite! ;  WilliiEuns  Brook, 
near  source,  chabazite  (green),  heulandite,  stilbite,  quartz  crystal 

GuYSBORo'  Co. — Cape  Canseau,  andaiusite. 

Halifax  Co. — Gay's  river,  galenite  in  limestone ;  southwest  of  Halifax,  garnet,  staurolite, 
tonrmaline :  Tangier,  gold !  in  quartz  veins  in  clay  slate,  associated  with  auriferous  pyrites, 
g^enite,  hematite,  mispickel,  and  magnetite ;  gold  has  also  been  found  in  the  same  forma- 
tion, at  Country  Harbor,  Fort  Clarence,  Isaac's  Harbor,  Indian  Harbor,  Laidlow's  ffurm, 
Lawrencetown,  Sherbrooke,  Salmon  River,  Wine  Cove,  and  other  places. 
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Hants  Go. — Cheverie,  oxide  of  manganese  (in  limestone) ;  Petite  ^ver,  gypenm,  oxide  of 
manganese  ;  Windsor,  calcite,  cryptomorphite  (boronatrocaldte),  howlite,  glaaber  salt.  The 
last  three  minerals  are  foond  in  beds  of  gypsum. 

Kings  Co. — Black  Rock,  centrallassite,  cerinit^ ;  cyanolite ;  a  few  miles  east  of  Black 
Rock,  prehnite  ?  stilbite  I ;  Cape  Blomidon,  on  the  coast  between  the  cape  and  Cape  Split, 
the  following  minerals  oocnr  in  many  places  (some  of  the  best  localities  are  nearly  oppoedte 
Cape  Sharp; :  analcUe!  !  agate,  amethyst!  apopJiylliU !  oalcite,  chalcedony,  chabazite,  gim- 
HniU  (ledererite),  hematite,  heulandite !  laomontite,  magnetite,  malachite,  mtMlit-e^  native 
copper  (rare),  natrofite  /  psilomelane,  Htilbite  !  thomsonite,  faroelite,  quartz;  North  Moun- 
tains, amethyst,  bloodstone  (rare),  femiginmi%  quartz^  metoHts  (in  soil) ;  Long  Point j  five 
miles  west  of  Black  TUxik,  heulandite,  laumontite!  f  itfbite! !  ;  Morden,  apophyUite^  fiwr- 
denite  ;  Soot*s  Bay,  agate,  amethyst,  dutleedany,  mesolite,  natrolite ;  Woodworth's  Cove,  a 
few  mUes  west  of  Scot*s  Bay,  agate  !  efialcedony  !  jasper. 

LUNKNBURO  Co. — Chester,  Gold  River,  gold  in  quartz,  pyrite,  mispickel ;  Cape  la  Have, 
pyrite ;  The  **  Ovens,"  gM^  pyrite,  arsenopyrite ;  Petite  River,  gold  in  slate. 

PiCTOU  Co. — ^Pictou,  ;W,  oxide  of  manganese,  limonite  ;  at  Roder's  Hill,  six  miles  west  of 
Pictou.  barite ;  on  Carri^ou  River,  gray  copper  and  malachite  in  lignite ;  at  Albion  mines, 
coal,  limonite  ;  East  River,  limonite. 

QUKENS  Co. — Westfield,  gold  in  quartz,  pyrite,  arsenopyrite;  Five  Rivers,  near  Big  Fall, 
gold  in  quartz,  pyrite,  arsenopyrite,  limonite. 

Richmond  Co. — ^West  of  Plaister  Cove,  barite  and  caldte  in  sandstone ;  nearer  the  Gove, 
calcite.  fiuorite  (blue),  siderite. 

SiiELBUKNE  Co. — Shelbume,  near  mouth  of  harbor,  garnets  (in  gneiss);  near  the  town, 
rose  quartz  ;  at  Jordan  and  Sable  River,  Htnurolile  (abundant),  schiUer  spar. 

Sydney  Co. — Hills  east  of  Lochaber  Lake,  pyrite,  chalcopyrite,  sideride,  hematite  ;  Mor- 
ristown,  epidote  in  trap,  gypsum. 

YARMomi  Co. — Cream  Pot,  above  Cranberry  Hill,  gold  in  quartz,  pyrite ;  Gat  Bock, 
Fouchu  Point,  asbestus,  calcite. 

NEWFOUNDLAND. 

Antony's  Island. — Pyrite, 

Catalina  Harbor. — On  the  shore,  pyrite  ! 

CiiALKY  Hill. — FeJdtfpar. 

Copper  Island,  one  of  the  Wadham  group. — Chalcopyrite, 

Conception  Bay. — On  the  shore  south  of  Brigus,  bomite  and  gray  copper  in  trap. 

Bay  of  Islands. — Southern  shore,  pyrite  in  slate. 

Lawn. — Oalenite,  cerargyrUe,  proustite,  argentite. 

Placentia  Bay. — At  La  Manche,  two  miles  eastward  of  Little  Southern  Harbor,  gileniU!  ; 
on  the  opposite  side  of  the  isthmus  from  Placentia  Bay,  barite,  in  a  large  vein,  oooasionally 
accompanied  by  chalcopyrite. 

SnoAL  Bay. — South  of  St.  John's,  chalcopyrite. 

Trinity  Bay..— Western  extremity,  barite. 

Harbor  Great  St.  Lawrence.— West  side,  fluoride,  gaienite. 
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AcadiaHte,  323. 
Aoanthite,  217. 
Achrematite,  863. 
Aohroite,  308. 
Acmite.  272. 
Actinolite,  275. 
Adamine,  Adamite^  851. 
AdelphoUte,  341. 
Adular,  Adolaria,  308. 
iEgirine,  iBgyrite,  272. 
Agrinite,  328. 
J&aohjmte,  340. 
AgalmatpUte,  327.  380. 
Agaric  nnnend,  378. 
Agate,  264. 
Agricolite,  280. 
Aikinite,  232. 
Akanthit,  v.  Acanthite. 
Akmit,  V.  Acmite. 
Alabandite,  215. 
Alabaster,  371. 
Alalite,  271. 
Alaan,  v.  Alum. 
Alaonstein,  374 
Albertite,  394 
AlbiBe,  301. 
Alexandrite,  253. 
Algodonite,  213. 
Alipite,  329. 
Allanite,  286. 
Allemontite,  205. 
AUochroite,  v,  Andradite. 
Alloclasite,  226. 
Allophane,  319. 
Allophite,  334. 
Almandin,  Almandite,  281. 
Alstonite,  v,  Bromlite. 
Altaite,  215. 
Alum,  Native,  373. 
Aluminite,  373. 
Alunite,  374. 
Alonogen,  373. 
Amalgam,  203. 
Amazonstone,  308. 
Amber,  393. 
Amblystegite,  268. 
Ambljgonite,  347. 
Ambrite,  393. 
Ambroeine,  393. 
Amethyst,  264 
Amianthus,  275, 828. 


Amphibole,  274 
Analcite,  Analcime,  821. 
Anatase,  255. 
Andalusite,  309. 
Andesine,  Andesite,  300. 
Andradite,  282. 
Andrewsite,  356. 
Anglesite,  367. 
Anhydrite,  367. 
Ankerite,  380. 
Annaberg^te,  350. 
Annite,  291. 
Anorthite,  299. 
Antholite,  v.  Anthophyllite. 
Anthophyllite,  273. 
Anthracite,  395. 
Anthracoxenite,  393. 
Antigorite,'  829. 
AntiUite,  329. 
Antimonblende,  262. 
Antimonbliithe,  t^.Valentinite. 
Antimonglanz,  210. 
Antimonite,  210. 
Antimonsilber,  212. 
Antimony,  Native,  204. 
Antimony  Glance,  210. 
Apatite,  342. 

Aphanesite  v.  Glinoclasite. 
Aphrite,  Aphrizite,  308,  878. 
Aphrodite,  327. 
Aphrosiderite,  334. 
Aphthalose,  Aphthitalite,  368. 
Apjohnite,  373. 
Aplome,  282. 
Apophyllite,  818. 
Aquaorepitite,  329. 
Aquamarine,  277. 
Aragonite,  383. 
Aragotite,  392. 
Arconite,  368. 
Ardennite,  288. 
Arf  vedsonite,  276. 
Argentine,  378. 
Argentite,  213. 
Arite,  221. 
Arkansite,  256. 
Arksutite,  243. 
Arquerite,  203. 
Arnigonite,  383. 
ArseneiHcn,  v.  Leuoopyrite. 
Arseneisensinter,  v,  Pittioite. 


Arsenic,  Native,  204 
Arsenica]  Antimony,  206. 
Arsenikkies,  225. 
Arsenikkupfer,  212. 
Arsennickelglanz,  224 
Arseniosiderite,  356. 
Arsenite,  v,  Arsenolite. 
Arsenolite,  262. 
Arsenopyrite,  225. 
Asbestus,  275. 

Blue,  t).  Grocidolite. 
Asbolan,  Asbolite,  261. 
Asmanite,  266. 
Asparagus-stone,  843. 
Aspasiolite,  331. 
Asphaltum,  394. 
Aspidolite,  290. 
Astrakanite,  v.  Blodite, 
Astrophyllite,  291. 
Atacamite,  239. 
Atelestite,  356. 
Atelite,  240. 
Augite,  271. 
Aurichalcite,  388. 
Auriferous  pyrite,  199. 
Auripig^entum,  210. 
Automolite,  250. 
Autunite,  357. 
Aventurine  quartz,  264 

feldspar,  301, 302,  308. 
Axinite,  288. 
Azorite,  337. 
Azurite,  389. 


Babingtonite,  273. 
Bagrationite,  v.  Allanite. 
Baikalite,  v.  Sahlite. 
Bamhardtite,  223. 
Barite,  365. 
Bartholomite,  373. 
Baryt,  Barytes,  365. 
Barytocalcite,  386. 
Barytocelestite,  366. 
Basanite,  265. 
Bastite,  329. 
BastnSsite,  386. 
Bathvillite,  393. 
Batrachite,  278. 
Beaumontite,  325. 
Beauxite,  259. 
BeohUite,  360. 
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B«i1»t4>in.  r.  Xepluite. 

Bomite.  215. 

CapiUai7pyrit«.21«. 

Bei'mite.  110. 

B<.r<KM!cite.  300. 

Caporcianite,  318. 

Beniolf.  .IM. 

B«ronatr.>c»lcite.  S.'iO. 

Carbonado.  307. 

Bcratinite.  r,  TiTimnlte. 

B.,rt.  3t)7. 

Ilcrjihol..  275. 

Canmlli'e.  2:!S. 

&:n;krr>iUll.  r.  Quartz. 

BotaUa<:kit«.  r,  Atacamite. 

Camelian.  2<f4. 

BdF^uebL,  ■'{79. 

Birtn-oitPti.  373. 

r:.n.li.,liio,  ::  f'. 

Ilergmilch.  3?6. 

11,. .\„:^-.   :il:l. 

Tleivi.il.  'M. 

K.  i,li!._-crit.-    ■»:. 

fftsMir,  Cii.i,-rii*,  878. 

Uergpech.  :nH. 

Calapleiiw,  S  7 

ttnTTp^iU.  «.  HklloTsite, 

It,,a..i,.-;i„it;t..;:i70. 

r...-.v.-.Ht.^   I'T'i   328. 

CatVejp.  304. 

IteniHtcin.  303. 

ftr:.-iti.,  ;;4ii. 

Cavolinite,  aU. 

Brryl.  277. 

Bran.[.-ri,  r,  i.iruilite. 

CebdoQite.  327 

Bcrthierite.  239. 

Branaisite.  XHi. 

C-k-stite.Cel«rtiiw,88«. 

BenellMiM.SlS. 

Centndlaaiw  31«. 

Brauiiite.  2m. 

CerarETri(e.238. 
ferlxlUte,  370. 

Bli?l«ritP.  373. 

Braiinkohle.  im. 

IlihariUi.  331. 

Bmiin»paUi.  37D. 

Cerioe.  2W(, 

BimiwUin.  f,  Pnmioe. 

Hrtslliprgite.  283. 

Cerite.  31  & 

Bindheimlte,  a57. 

C«roUt«.  320. 

Binnite,  239:  228. 

Breith«ui.tite.  231. 

r>Tii.-.sne,:W5. 

Blotite,  200. 

Rnunerite.  3S0. 

Ltviuiito,  2aa. 

Jiigmile.  2i\2. 

Bn-WKtprite.  32.J. 

CevknJte.  Cejkmlte,  M9. 

Wtmatb.  2flS. 

Chnhaiite  323. 

BinnuCh  glance.  SIO. 

Chalcnnthite.  3W. 

BUinnlhinite.  210. 

IlTOmartrvrite   23S. 

Cbnlc«donf.  304. 

liriiziilite.  :«M. 

Chal<.-oeite.217. 

Htomflil1*T.  2:W. 

Chalcoilite.  33S. 

Bitterwili,  372. 

nroiiiyrite.  3;W. 

Chaleolite.  3.-i0. 

Bitter    Riai,   BiUenpatli,    t. 

l;n,-i,ii.niit6.  Zta. 

Dolomite. 

Hroiii.'iiiirline,  375. 

Chalcophwuta.  31il. 

Bitumen,  394. 

llionziM,.  208. 

ChalcophjUite.  353. 

Bn.nkitc,  a.W. 

Ch.U«n>jrite.  233. 

Blnck  intih,  31,'i. 

Itrown  coal.  SSd. 

Biatu-r^re,  BUittertellnr.  327. 

m,u  ore.  2-18. 

Bliitter»;i>lith,  p.  Hcntuidite. 

(.par.  370.  3H0. 

Chalcoetibite.  £2a 

BnieiM,  3.->i) 

Brunhite,  3(49. 

Chalk.  378. 

BachnliJte,  309, 

ChalTbita.Sei. 

BiBl.  GedieueD,  204. 

Itucklundile.  2(16. 

Clmthamita,  224. 

Bleiglani.  £13. 

Ku.....ui[e.  24.1. 

Chert.  3(B. 

Bl(!iKiattc,  245. 

RiiTitkiiTiferara,  215. 

Chertertite.  304. 

Bimtanuto.  373. 

Che^y  C„p|,er,Cl.ewylite,S8a 

B,,t.vrclUW.  303. 

Cbiiwinlit*',  300. 

Bl..ilrumr,  374. 

BvuriW.  3lir>. 

DuLlmiite.  355. 

Blethoreew.  3Sfl. 

Bytowuil*,  200. 

f[iii>lit...  m. 

Bloimare.  Xtl 

rlil;i.]iiile,  2(W. 

Cn<*olona.  307. 

<li!.in,irhit(\  3-':). 

Bliti^path.  38.'). 

CncciKonitP,  Cftooicno,  350. 

Itlcivitriol.  307. 

Caimpirm  stone.  -iGi. 

Blemle.  'iuy 

Caliiitc,  c  Calloite. 

Btiklile,  373. 

CalnmiiiR,  31Ti  3(0. 

fhloriw  Group,  333. 

BloodBtoQD.  2a4. 

Caliverite.  927, 

Chluntoid.  •f36. 

BliiP  Vitriol.  37a 

rBkarBousBimr  tufa,  876. 378. 

Bndunito,  SSO. 

Cnk-itp,  :17(i. 

CliUiniKit-npsit*,  238. 

B(«- butter.  303. 

rala.7.iiiHiP,  -24.-). 

Cblorocnioite,  239. 

S«K  iron  ore.  259. 

Calc-i-inl/T,  ;17S. 

Cbloropal,  3S8. 

miinganeBe,  391. 

CnlPciollitc.  300. 

Bole,  Dolas  =  HaUornw, 

CalliiU.  CalliLile,  350. 

Chlorophane,  241. 

Boltonito,  278. 

Caluint'l,  33»4. 

CblorophyUita,  331. 

Cftmpylito.  345. 

Cblorothionite,  338. 

Boriwltc,  880. 

Conannita  =  White  Pyroxene. 

Chlorotilo,  351. 

Bom«.  ;i)\i. 

Cftticrinito,  aS).!. 

BcrdoJiite,  245. 

Uannel  Uoul.  805. 

ChondiursBniW,  850. 

INDEX. 
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Chondrodite,  305. 
Chonicrite,  333. 
Chrusmatite,  391. 
Chromeisenstein,  352. 
Chromglimmer,  v.  Fuohsite. 
Chromic  iron,  2o3. 
Chromite,  352. 
Chrompicotite,  353. 
Chrysoberyl,  353. 
Chrysocolla,  316. 
Chrysolite,  378. 
Chrysoprase,  364. 
Chrysotile,  338. 
Charchite,  349. 
Cinnabar,  318. 
Cinnamon  stone,  281. 
Clarite,  236. 
Claudetit«,  368. 
CiauRthaUte,  314. 
Clay,  329,  etneq. 
Cleavelandite,  303. 
Clingmanite.  336. 
Clino  *.lase,  Clinoclasite,  352. 
Clmochlore,  334. 
CUnohumite,  306. 
Clinionite,  336. 
CI  )anthite,  324. 
Coal,  Miueral,  395. 

Boghead,  396. 

Brown,  396. 

Cannel,  395. 
Cobalt  bloom,  350. 
Cobalt  glance,  324. 
Cobaltine,  Cobaltite,  334. 
Coccolite.  371. 
Coke,  395. 

Colestine,  v.  Celestite. 
Coeruleolactite,  354. 
Collyrite,  319. 
Colophonite,  383. 
Colombite,  338. 
Comptonite,  330. 
Connellite,  369. 
Cookeite,  333. 
Copal,  FoBsU,  393. 
Copaline,  Copalite,  393. 
Copiapite,  373. 
Copper,  Native,  303. 
Copper  glance,  317. 
Copper  mica,  353. 
Copper  nickel,  330. 
Copper  pyrites,  323. 
Copper-vitriol,  v.  Chaloanthite. 
Copperas,  373. 
Coprolites,  344. 
Coqnimbite,  373. 
Cordierite,  389. 
Comwallite,  353. 
Conmdellite,  836. 
Comndophilite,  336. 
Corundam,  345. 
Coiynite,  335. 
Cosalite,  330. 
Coasaite,  333. 
Cotonnite,  339. 


Covelline,  Covellite,  337. 
Crednerite.  356. 
Crichtonite,  348. 
Crocidolite,  376. 
Crocoite,  Crocoisite,  863. 
Cronstedtite,  335. 
Crookesite,  213. 
Cryolite,  242. 
Cryophyllite,  293. 
Cryptohalite,  242. 
Crj-ptolite,  342. 
Cryptomorphite,  360. 
Cuban,  Cubanite,  223. 
Culsageeite,  333. 
Cummingtonite,  275. 
Cuprocalcite,  389. 
Cuprite,  244. 
Cupromagnesite,  373. 
Cuproscheelite,  362. 
Cuprotungstite,  363. 
Cyanite,  310. 
Cyanochalcite,  317. 
Cyanotrichite,  375. 
CymatoUte,  337. 

Damourite,  331. 
Danaite,  326. 
Danalite,  280. 
Danburite,  289. 
Datholite,  Datolite,  312. 
Daubr6eUte,  220. 
Daubreite,  340. 
Davidsonite,  877. 
Davyne,  Davina,  394. 
Dawsonite,  388. 
Dechenite,  345. 
Degeroite,  332. 
Delessite,  334. 
Delvauxite,  v.  Dufrenite. 
Demidoffite,  317. 
Derbyshire  spar,  v.  Fluorite. 
Descloizite,  345. 
Desmine,  324. 
Dewalquite,  288. 
Dcweylite,  329. 
Diabantachronuyn,  333. 
Diabantite,  3:i3. 
Diaclasite,  269. 
Diadochite,  357. 
Diallage,  Green,  271. 
Diallogite,  Dialogite,  381. 
Diamond,  206. 
Dianite,  v.  Colnmbite. 
Diaphorite,  230. 
Diaspore,  257. 
Dichroite,  289. 
Dihydrite,  352. 
Dimorphite,  210. 
Dinite,  392. 
Diopside,  271. 
Dioptase,  279. 
Dipyre,  204. 

Discrasite,  v.  Dyscrasite. 
Disterrite  =  Brandisite. 
Disthene,  310. 


Ditroyte,  295. 
Dog-Tooth  Spar,  378. 
Dolerophanite,  368. 
Dolomite,  379. 
Domeykite,  313. 
Doppelspath,  377. 
Dopplerite,  893. 
Dreelite,  368. 
Dry-bone,  383. 
Dudleyite,  336. 
Dufrenite,  356. 
Dufrenoysite,  339. 
Durangite,  348. 
Duxite,  393. 
Dyscrasite,  318. 
Dyaluite,  250. 
Dysodile,  393. 
Dysyntribite,  331. 

Earthy  Cobalt,  261. 
Edenite,  275. 
Edingtonite,  319. 
Edwardsite,  v.  Monazite. 
Ehlite,  352. 
EiMcnblilthe,  383. 
Eisenglanz,  346. 
Eisenglimmer,  247. 
Eisenkies,  221. 
Eisenkiesel,  v.  Quarts. 
Eisenrose,  247. 
Eisensinter,  v.  Pitticite. 
Eisenspath,  381. 
Eisspath,  304. 
Ekel>ergite,  294. 
Ekmannite,  332. 
Elasolite,  294. 
Elateritc,  392. 
Electrum,  199. 
Embolite,  238. 
Embrithite,  v.  Boulangeritew 
Emerald,  277. 
Emerald  nickel,  388. 
Emery,  346. 
Emplectite,  228. 
Enarg^to,  235. 
Euceladite,  v.  Warwickite. 
Enstatite,  208. 
Enysito,  375. 
Eosite,  363. 
Ephesite,  332. 
Epiboulangerite,  333. 
Epidote,  385. 
Epigenite,  336. 
Epistiildte,  335. 
Epsom  Salt,  Epsomite,  873. 
Erbsenstein,  378. 
Erdkobalt,  361. 
Erdol,  394. 
Erdpech,  394. 
Eremite,  v.  Monazite. 
Erinite,  353. 
Erubesoite,  315. 
Erythrite,  350. 
Erythrosiderite,  339. 
i  Esmarkite,  331. 
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Ewonite,  282. 
Ettringite,  373. 
Eucairite,  213. 
Eochroite,  351. 
Euclase,  311. 
EuooJite,  277. 
Eadialjte,  Eadjalite,  277. 
Kurinophite,  322. 
EugeDglanz,  v.  Polybanite. 
Eakairite.  t.  Eucairite. 
Etiklas,  311. 
Eolytine,  Eolytite,  280. 
£aiiianite«  256. 
Eaosmite,  393. 
£uphyllit«,  33a. 
Euxenite,  340. 

Fahlerz,  233. 

Fahlnnite,  331. 

Famatinite,  236. 

Faserqaartz,  276. 

Faasaite,  271. 

Faujasite,  322. 

FaoBerite,  372. 

Fayalite,  278. 

Feather  ore,  229.     • 

Federerz,  229. 

FeitBui,  287. 

FeldBpar  Group,  297. 

Felsite,  301,  304. 

Feldspath,  v.  Feldspar. 

Fergnsonite,  340. 

Ferroilmenite,  338. 

Feuerblende.  230. 

Feuerstein,  265. 

Fibroierrite,  373. 

Fibrolite,  309. 

Fichtelite,  392. 

Fiorite,  267. 

Fireblende,  230. 

FHnt,  265. 

Float-stone,  267. 

Flos  feri,  383. 

Fluellite,  242. 

Fluocerite,  242. 

Fluor-npatite,  343. 

Fluor,  Fluorite,  241. 

Fluor  Spar,  241. 

Flussspath,  241. 

Foliated  tellurium,  v.  Nagya- 

gite. 
Fontainebleau  limestone,  378. 
Foresite,  325. 
Forsterite,  278. 
Fowlerite,  272. 
Francolite,  343. 
Franklinite,  251. 
Freibergite,  233. 
Freie«lebenite,  230. 
Frenzelite,  211. 
Friedelite,  280. 
Fuchsite,  292. 

Gadolin,  Gadolinite,  287. 
Gahnite,  250. 


Galena,  Galenite,  213. 
Galmei,  317,  382. 
Garnet,  280. 
Gamierite,  329. 
Gastaldite.  276. 
GuanovuUte,  370. 
Graj-Lussite,  387. 
Gearksutite,  243. 
Gehlenite,  309. 
Geierite,  v.  Geyerite. 
Gekrosstein,  367. 
Gelbbleierz,  802. 
Genthite,  329. 
Geocerite.  392. 
Geomyridte,  393. 
Gcocronite,  235. 
Geredorffite,  224. 
Geyerite,  226. 
Geyserite,  267. 
Gibbflite,  260. 
Gieseckite,  330;  295. 
Gigantolite,  331. 
GUbertite,  331. 
GiUingite,  3:j2. 
Girasol,  267. 

Gismondine,  Gismondite,  319. 
Glanzkobalt,  v.  Cobaltite. 
Glaserite,  v.  Arcanite. 
Glaserz,   Glanzerz,   v.  Argen- 

tite. 
Glauber  salt,  370. 
Glanberite,  369. 
Glaucodot,  226. 
Glaucouite,  327. 
Glanoophane,  276. 
Glimmer,  v.  Mica. 
Globulites,  110. 
Gmeliuite,  823. 
Gold,  199. 

Goldtellur,  v.  Sylvanite. 
Goshenite,  277. 
Goslarite,  373. 
Gothite,  258. 
Graham ite,  394. 
Graramatite,  275. 
Granat,  280. 
Graphic  tellurium,  226. 
Graphite,  20a 

Graukupfererz,  v.  Tennantite. 
Gray  antimony,  210. 

copper,  233. 
Greenockite,  220. 
Greenovite,  313. 
Grenat,  v.  Garnet. 
Grochauite,  335. 
Grossularite,  281. 
GrUnauite,  215. 
Griinbleierz,  344. 
Guadalcazarite,  219. 
Guanajuatite,  211. 
Guano,  343. 
Guarinite,  314. 
GambeUte,  331. 
Guyaquillite,  393 
Gymnite,  329, 


Gyps,  t.  Gyusimi. 
Gyp«tum,  SiO. 
GyroUte,  316. 

Haarkies,  219;  225. 
Haarsalz,  373. 
Hafnefiordite,  301. 
EUigemannite.  243. 
Haidingerite,  349. 
Halite,  237. 
HaUite,  333. 
Halloysite,  330. 
Halotrichite,  373. 
Hamartite,  386. 
Harmotome,  32^ 
Harrisite,  218. 
Hartite,  392. 

Hatchettite.  Hatchettme,  393. 
Hanerite,  222. 
Hausmannite,  355. 
Haiiyne,  Qauynite,  396. 
Uaydenite,  3^. 
Haytorite,  313. 
Heavy  spar,  365. 
Hebronite,  348. 
Hedenbeigite,  271. 
Hcdyi»hane,  345. 
Heliotrope,  264. 
Helvin,  Helyite,  280. 
Hematite,  246. 

Brown,  258. 
Henwoodite,  356. 
Hercynite,  250. 
Herderite,  348. 
Hermannolite.  339. 
Herschelite,  322. 
Hessite,  216. 
Hessonite,  v.  Essonite. 
Heteromorphite,  v.  Jameson- 

ite. 
Hculandite,  325. 
Hcxagonite,  276. 
Hielmite,  339. 
Highgate  resin,  393. 
Hisingerite,  332. 
Hoernesite,  349. 
Holzopal,  r.  Wood  Opal. 
HolzZinn,  253. 
Honey -stone,  Honigstein,  390. 
Horbachite,  219. 
Hornblende,  274. 
Horn  silver,  238. 
Homstone,  265. 
Horse-flesh  ore,  v.  Bomxte. 
Hortonolite,  278. 
Houghite,  260. 
Hovite,  388. 
Howlite,  360. 
Huantajayite,  237. 
Hilbnerite,  361. 
Jlumboldtine,  390. 
HumboldtiHte,  384. 
Humboldtite,  312. 
Humite,  305,  306. 
Hureaulite,350. 


HuToaite,  331. 

S.  B— Many    namea   spelt 

KupferMea.  328. 

Hyacinth,  aaa,  263. 

w-ith  an  initial  K  in  Geman. 

K,u.f,rl:..ur.SS9. 

HyaUtB,  207. 

bei-in  with  C  in  EngliBh. 

Kiii.i.  Liiiokel.  MO. 

Kii|ifti>!iQi>n[*r«.  37i(. 

HjBl'.si.lerit*.  379. 

Kalait.  a>5. 

HydrttrgiUite.  360. 

Kuliglimmer,  301. 

Kapferechwirio,  815. 

HydrargyriM,  243. 

Kaliuitu.  ^73. 

Kupfferite,  274, 

Kalkilunnotome.  v.  Phiilips- 

Kiipter-nramt.  SBC 

ibe. 

Kiipfer-vitiiol.  S7','. 

Hylrocyiutite,  3(lA. 

Kttlk-uranfc,  8.J7. 

K«,>f,;r«-ismiilliglaj,F,  29A. 

Kilkspath.  37S. 

Kyanite,  aiU. 

Hjdrofliioriw.34a. 

Kalk-volbomhU.  35a. 

Uy dcomagneaiM,  'jm- 

KaUait.  355. 

Lnbradorito.  399. 

Hydro-micdOroup,  aai. 

K«lu«ite,  373. 

LabradoT  fuldapu.  300. 

Hyclio|>)iite,  8S0. 

Loffonile,  :II10. 

HydrottJcite,  2W1. 

Hydrotitauite,  aiU. 

Kaolin,  Kwlinite,  839. 

Hydroainc-iW,  3WI, 

Kurellnite.  2fl3. 

LiUiyitc.  ;i;,). 

Katieuaaira,  284. 

LiuiLhiii.ite.  3SS. 

Hypanfyrite.  MS 

Keatineine,  373. 

Lapis-laiuli,  SiW. 

Keilbauite,  314 

K«migottito,  33a 

LBsarBtRin.  200. 

Kurargycite,  338. 

Lntriitnty,  C.  Anoitliitn. 

Ice  spar,  303. 

Kcnn.^,  K.-niiesitf,  363. 

J.i\\iiimiiit.o.  LauniLmlitti.  3 

Icelaud  flpar.  3t7. 

Iv.Tuljrli,  r.  (.Vn,lLtu, 

Laurite.  33.1. 

IdouroM,  mi. 

I..l^m-iii.>it...  M4. 

Idriuliiio.  IdrialiU',  3D2. 

lvi.,,.l,V,i,|,iart);, 

LiiHiiiit.',  :i:.:; 

Ihleite,  m. 

Kieocikupfer.  tllS. 

i.P!ui.  am. 

Ilmenite,  247. 

Leadhillite.  SflH. 

UsemaiiDite,  3(i3. 

n^iite.  3S7. 

Kie^iita.  373. 

Lecontite,  370. 

IndinDile.  209. 

Killiuite.  :t:tl. 

Ludercrito.  333. 

IndicoUtft,  309. 

LodKritc.  314, 

lodnrgyrite.  338. 

Kioralflna.  MU. 

Irfihrbachitu.  315. 

lodsilber.  238. 

Kiinociilor,  834. 

lodyrite,  338. 

Lcpidolite,  303. 

KriBlwlita,  37a. 

1,.  i-i-''  '■  ■■■    3U1. 

rid^mbe.  302. 

Koifflitbiutho.  aao. 

ron,  aC4. 

Kolwltgiiint,  324. 

Lett*omite.  :t:."). 

roii|iyrite8,  231. 

Kuba1t}d»8,  r.  Linno^il^. 

Lei.c,iu^-it^-,  3TI. 

Wt.rt«,  ■!■!-■., 

Kobellitc,  '.M^. 

housU,m:'hj.-H7.-m. 

Kochelitc,  341. 

Iserint.  Is.  nt.-.  34W. 

KMbsalz,  337. 

Inocliii-iC.'.  ::."^l 

Kolilc,  n.  CoaL 

ItBcohiinytB,  3(17. 

Kukkolit,  0.  Coccolite. 

L<'Vl,:lLQ1Ut,']    Jill' 

IvigtiW.  3:13. 

1               :                 331, 

Iiolyte,  3U3. 

Koniiriao,  l!74. 
Klnl1it.^  303. 

1  .  .      .                1, 

JacolwitQ.  a-TO. 

Koppite.  :M7. 

LiKliifiU'.  ..■■  ■ 

Jade,  Common,  375. 

Koltij^te,  31^0. 

Lievrite,  3N7, 

Jadeito,  ;iH7. 

Liiiliit.',  :i!til. 

Kmiud,  «.  Corandnra, 

.iK.iritL-,:IH 

Jarjton.  2Sf, 

KotMbuboite.  B30, 

Jasper.  L>(15. 

Kouphollte.  Hit*. 

LimoHtoue,'ST8.'370. 
Limoniw.  MS, 

Kriu)tait«,  !I93. 

Jcfferkite.  ;t;i:!. 

Krtittuuite,  350. 

Lijmrite.  374. 

Jeffersoiiito,  371. 

LiniiRite.  £!3. 

JenkhisitB,  321». 

Krisuvigiie.  375. 

LisKsnen.  351 

Jet,  ;t!J«. 

Krijokite.  375. 

Liroconiw,  353. 

Johatinitn,  37.1, 

Jollj-W,  3:1a. 

Lithographic  Stone,  378. 

-Kaiiferglani,  317. 

Lithomarge,  330. 

jMeite.311. 

LivingstonitA.  310. 

Julianite,  234. 

31 

Loganitfl,  334.           ^^^ 

Mrfonite.  227. 

N-adorite.  348. 

Lovtite.  ^73. 

Muiioccnnite.  347. 

.       -.)te,  a». 

I-.wi)tite.  374. 

Slfnai|.iu.,  340. 

ri^lito.Ha. 

Loiodase.  304. 

S[t-.id..j!i.«.  ;i7:i. 

^      ■-Kite.BSB. 

LnlUmite.  S.")*). 

M.-URK!iinite.  234. 

.-.niHllhB.  391. 

Lndwigite.  »S». 

MenKite.  ;i40. 

.Xaplli&liae.  303. 

Lriii-tiiiil'ii,'.  ;:<if). 

Meiiiiip'.  -'.=yi. 

^'^t^Dlit«.  32U. 

Lni-'uitt.  -iM. 

Mereurv.  N.ittve,  203. 

Natron,  3!«. 

tjdian  stone,  205. 

M.-xitiiio.  KEt'Hitite,  »Jl. 

iU-mUte.a-il. 

NnniDaDnit*,  213. 

Hocic.  noo. 

MesoM)...,  ^i'JiV 

:N«cd1e  ore,  t>.  AikinEto. 

ftUconite.  SDJt. 

ilBlobni.hil,-   ;!4!). 

Maeneaioferrite.  2S1. 

Me(!i.'M.n^il.ririi...  219. 

Mncnosiu.,  MW. 

JliaaxH^,  ;;-.i. 

5ln{,ii>'t,.i»cuf.i,pir,250. 

MoviniKito.  2(i3. 

Septrit-i.  37.J 

Mmructio  iron  ore,  250. 

■lUnrW'"'^'.  'J^"- 

.\e»jm!-.ki(t.  303. 

SbiKButio  pyritoB,  SItl. 

Mie.i(ir,„i]).  L>s[l. 

Ne»-l)orlite,  StU. 

-i{nH^M,l-iM. 

Miclifi.>h.>nil«,  SSfl. 

Nioeolitf.  320. 

JlaKti-lWi,-,  '.'lit. 

Micm.;Ui»<   HiH. 

Mk-ri.lit.-.  ;K!;. 

iNickelardenikgiaDK.  234. 

3IiJ;icliit..  lllni'   i)!*n. 

Green,  H«U. 

:m: 

Nickelbliithe.  a50 

Mnlncnlito.  2TI. 

Mi.T.-uHni..ite.  a».i 

Ni<.-kdalanz.  r    f;..r».i.)rffit«. 

HsMuiiite.  10U. 

MiiUlrt-uitf,  mi. 

Ni.k..|<;>nmilo.  331), 

3fnliut.WBkitB.i14. 

Mikr..kliii.  r.  llicruclino. 

MLIlvrilr.  2111. 

Ni.  l..|-ii,;ir„Kii,;tt«.      ■ 

WftiitT.iie|ii-lot,  •&a. 

>liiii.'i.'iit'.  Miiiu^ttt<!.  :!44. 

-Vioiiitc,  :!:!M. 

JlHMKntDfUni.  S13. 

Miiiiri.'-.-.  MiiL'teHitu.  1)44. 

Miui);'>iiit<i,  2.->8. 

.Miuurul  .-.Nil.  :i!l.">. 

M(,»ip.ii">»l.^ltn,  3S4. 

oil.  ;llll. 

3.'i7. 

Mnng»n..,.UYlliW,  2110. 

).it(:li.  :HI4. 

.  3.-J7. 

tur.  Mil. 

"Miirlik-.  •■'■".x 

Nonlr...iit,-.  im. 

Venl-«ntiquo,  ISaj. 

Miri,l.iliiv.  :i7a 

NoMHm,  NodtB,  30«. 

MftTcasLIc,  -'W. 

Mj-l.i<ikrl.  2M. 

\..umtite.  320. 

HnrKHrite..  ;<:[;>. 

Suttnlitc.  t.  Wemerite. 

JInrpi'il'-       ". 

Miiioiiltu.  21)4. 

■M<.i>-i.r,.-lfi.-,  :;:;i  ;  2113. 

.M..M..i,.n-i,n7,  an. 

Ochre,  red,  247. 

Mnr[;.'irc|il,iHfl.-.  aSli,  ■■(  iM/. 

.M...\'..L   riM.-k.T,  203. 

Octahedrite,  Z.-SS. 

Muriiilii-',  JIH. 

.M..10..I.  riit.  ,  -Jll. 

ffillaeheritc.  ;t33. 

Okeiul*.  3 Hi. 

Oldhniiiiti!.  213. 

"Mnnii'irih'    "'iM. 

01ig<.cla«..,  301. 

MuniU.,  ^47. 

Moonstone. 

tniveiiit*.  3.^il. 

Ma»e»KMii'-',  M»-OBgnite,  370. 

Olivinfi.  278. 

JkUskclyutU,  liM. 

.M..-  :iL..  ..  ,'. 

(hiyi.  2m. 

H HODite.  :i:SO. 

Mi>uu.iiiu-.  n:.->. 

Oiilitp,  378. 

lluwioot.  34S. 

VoDtcbrwite,  MS. 

Opal,  260. 

Uatloctdte,  240. 

MuDtloellite,  27&. 

OpWolite,  338.  SSa 

Maadte,  3119. 

Oran^ito,  318. 

Medjiilite  :f7S. 

M-ntitK.rin.™to,  :i27. 

nr,,im™t,  209. 

Mflon-cliniiin.  U27. 

SIoimstiiiK..  :!(H.yo2,  303. 

tirtliiiv,  £80. 

3legnbi>Hitu.  :i(l  . 

M.>r<.L,.-ii.v  :::3. 

nrtl,....-lfl»8,  308. 

Moionitu.  'ii>'i. 

M,>rt.iiv,  ■'■V-'- 

O.-.iiiri.lium.  308. 

Mela4»uile,  3-15. 

Mosnndritc.  "JST. 

Ostcolite,  343. 

Mcknglnni,  c.  Stephanite. 
UeJftiiiM,  282. 

JIoltr.-i.nite.  :K3. 

Otlrriitc.  IKiO. 

Mouutniu  coik.  275. 

Chivnrovite.  283. 

UdKnoohroite,  »64. 

leather.  27.';. 

0»-cmtiP,  3311. 

J(uro<«ontitc.  3SU. 

Orarkite.  320. 

Jlusoovile,  31)1. 

Oiocerite,  Oiokerit,  892. 

IbhuiMrite.STU. 

Museuite,  r.  Siegcnitc 

kHBttUUIite.  284. 

Pnchnolite.  243. 

^^^^KTsra 

NadcU-iwneni,  SSa 

Pogodit*,  327.  830. 

^^■pa 

Xadolcrz.  233. 

PaiHbcnpt«,  372. 

^^»m 

SodeUeoUtli,  320. 

PalBgonite,  331. 

INDEX. 


483 


PaUadium,  Native,  202. 
Paraffin,  391. 
Paragonite,  332. 
Parankerite,  380. 
Paranthite,  204. 
Parasite,  v.  Boraoite. 
Para  thorite.  318. 
P.irgasite.  275. 
Parisite.  386. 
Parophite,  331. 
Pattersonite,  336. 
Pealite,  267. 

Pearl-mica,  'o.  Margarite. 
Pearl -epar,  379. 
Pechkohle,  395. 
Pechopal,  267. 
Pectolite,  315. 
Pegnnite,  356. 
Pegmatolite,  v.  Orthoclase. 
Pelharaite,  333. 
Pencatite,  388. 
Pennine,  Penninite,  333. 
PercyUte,  240. 
Periclase,  Periclasite,  245. 
Peridot,  278  ;  308. 
Pericline,  Periklin,  302. 
Peristerite,  302. 
Perlgliramer,  335. 
Perthite,  304. 
Perofskite,  248. 
Perowskit,  24a 
PetaUte,  273. 
Petroleum,  391. 
Petzite,  217. 
PhacoUte.  322. 
Pharmacolite,  348. 
Pharmacosiderite,  354. 
Phenacite,  Phenakit,  279. 
Phillipite,  375. 
Phillipsite,  323. 
Phlogopite,  290. 
PhcBuicochroite,  364. 
Pholerite,  330. 
Phoagenite,  386. 
Phosphocerite,  342. 
Phosphochalcite,  352. 
Phonphochromite,  364- 
Phosphorite,  343. 
Phyllite,  336. 
Phjsalite,  311. 
Piauzite,  394. 
Pickeringite,  373. 
Picotite,  -249. 
Picrolite,  329. 
Picroraerite,  372. 
Picropharmacolite,  349. 
Pictite,  314. 
Piedraontite,  286. 
Pihlite,  327. 
Pilinite,  322. 
Piraelite,  329. 
Pinite,  330. 
Pisanite,  373. 
Pisolite.  378. 
Piatacite,  Pistazit,  285. 


Pistomesite,  381. 
Pitchblende,  252. 
Pittasphalt,  391. 
Pitticite,  Pittizit,  357. 
Plagiochise,  297. 
Plagionite,  229. 
Plasma,  264. 
Plaster  of  Paris,  371. 
Platinum,  Native,  201. 
Platiniridium,  202. 
Pleouaste,  v,  SpineL 
Plumbago,  208. 
Plumallophaue.  819. 
Plumbogummite,  355. 
Plumbostib,  v.  Boulangerite. 
Polianite,  256. 
Pollucite,  Pollux,  277. 
Polyargite,  331. 
Polyargyrite,  235. 
Polybasite,  2:35. 
Polycmse,  340. 
Polychroilite,  331. 
i  Poly  halite.  371. 
Polymigiiite,  340. 
Poonahlite,  321. 
Porcello]>hite,  329. 
Prase.  2(>4. 
Prasine,  352. 
Praseolite,  331. 
Predazzite,  388. 
I»regattite,  332. 
Prehnite,  318. 
Priceite,  360. 
Prochlorite,  335. 
Proidonite,  242. 
Prosopite,  243. 
Protobastite.  268. 
Proustite,  231. 
Prussian  blue.  Native,  350. 
Przibramite,  216,  258. 
Pseudocotunnite,  239. 
Pseudomalachite,  352. 
Pseudophite,  334. 
PHilomel&ne,  260. 
Psittacinite,  352. 
Pucherile,  345. 
Pur])le  copiier.  215. 
Pycuite,  «.  Topaz. 
Pyrallolite,  326. 
Pyrargillite,331. 
Pyrargyrite,  230t 
Pyrene"ite,  282. 
Pygom,  271. 
Pyrite,  221. 
Pyrites,  Arsenical.  225. 

Auriferous,  199. 

Capillary,  219. 

Cockscomb,  225. 

Copper,  222. 

Iron,  221. 

Magnetic,  219. 

Radiated,  225. 

Spear,  225. 

White  iron,  225. 
Pyrochlore,  337. 


Pyrochroite,  260. 
Pyroconite,  243. 
Pyrolusite,  256. 
Pyromorphite,  344. 
Pyrope,  281. 
Pyrophyllite,  327. 
Pyropissite,  392. 
Pyroretinite,  393. 
Pyrosclerite,  333. 
Pyrosmalite,  318. 
Pyrostilpnite,  230. 
Pyroxene,  270. 
Pyrrhite,  337. 
Pyrrhoaidcrite,  258. 
Pyrrhotite,  219. 

Quartz,  262. 

Quecksilberbranderz,  392. 
Quecksilberhomerz,  238. 
Quicksilver,  202. 

Rjidelerz,  231. 
Radiated  pyrites,  225. 
Raimondite,  373. 
Ralstonite,  243. 
Ratofkite,  241. 
Rauite,  320. 
Raumite,  :i31. 
Realgar,  209. 
Red  copper  ore,  244. 

hematite,  247. 

iron  ore,  247. 

ochre,  247. 

silver  ore,  230,  231. 

zinc  ore,  244. 
Refdanskite,  329. 
Remingtonite,  388. 
Rensselaerite,  326. 
Resanite,  317. 
Resin,  Mineral,  393. 
Restormelite.  331. 
Retinalite,  329. 
Retinite,  393. 
Reussinite,  393. 
Rhajtizite,  310. 
Rhagite,  355. 
Rhodochrosite,  381. 
Rhodonite,  272. 
Rhomb- spar,  379. 
Rhyacolite,  304. 
Rionito,  234. 
Ripidolite,  334. 
Rittingerite,  230. 
Rivotite,  348. 
Rock  cork,  r.  Hombleadiilk 

crystal,  264. 

meal,  379. 

milk,  378. 

salt.  237. 
Roemerite,  373. 
RoDpperite,  278. 
Roesalorite,  349. 
Rogenstein,  378. 
Romeine,  Roraeite,  348. 
Roscoelite,  345. 
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Rose  quartz,  264. 
Roselite.  850. 
Rosthomite,  393. 
Rosite,  331. 
Rotbbleierz,  363. 
Roiheiw.'nerz,  246. 
Rothgiiltigerz,  2^^0,  231. 
Rotlikupfererz,  244. 
Rothuickelkies,  220. 
Rothoffite,  281. 
Rothzinkerz,  244. 
Rubellite,  308. 
Ruby,  Spinel,  Almandine,  249. 

Orieutal,  246. 
Ruby-blende,  v.  P^Targyrite. 
Rubv  Bilver,  230,  231. 
Rutherfordite,  340. 
Rutile,  254. 
Ryacolite,  t.  Rhyacolite. 

Sablite,  271. 
Sal  ammoniac,  238. 
Salmiak,  238. 
Salt,  Common,  237. 
SamarHkite,  339. 
Sammctbleude,  258. 
Sanidiu,  303. 
Saponite,  330. 
Sapphire,  246 ;  308. 
Sarcolite,  294. 
Sarcopside,  347. 
Sard.  265. 
Sardonyx,  265. 
Saitorite,  228. 
Sa«solitc,  SasHolin,  358. 
Satin-spar,  371,  378,  383. 
Sau88urite,  287. 
Savite,  v.  Natrolite. 
Scapolite  Gronp,  293. 
Schaumspath,  378. 
Scheelite,  362. 
Scheererite,  391. 
Schieforspath.  378. 
Schilfglaserz,  230. 
SchiUer-spar.  329. 
Schirmeritc,  229. 
Schmirgcl,  246. 
Schorlomite,  315. 
Schraufite,  393. 
Schreibersite,  220. 
Schrifterz,  Schrift-tellur,  226. 
Schrockeringite,  390. 
Scbuppenstein,  293. 
Schwartzembergite,  240. 
Schwarzkupfererz,  245. 
Schwatiite,  2:^3. 
Schwefelkies,  221. 
SchwerHpath,  365. 
Sclerctinitc,  393. 
Scleroclase.  228. 
Hcolecite,  Scolezite,  321. 
Scorodite.  353. 
Seebachite,  322. 
Selenblei,  214. 
Seleuite,  371. 


Selenquecksilber,  215. 
Scllaite,  242. 
Semtliiie,  313. 
Senarmontite,  262. 
Sepiolite,  327. 
Seri^entine,  328. 
Seybertite,  336. 
Shepardite,  220. 
Siderite,  381. 
Siegbnrgite.  393. 
Siegenite,  223. 
Silaonito,  211. 
Silberamalgam,  203. 
Silberglanz,  213. 
Silberhomerz,  238. 
Silberkupferglanz,  218. 
Silex,  r.  Quartz. 
Silicified  wood,  264. 
Siliceous  sinter,  265,  267. 
Silicoborocaloite,  360. 
Sillimanite,  309. 
Sdver,  201. 
Silver  glance.  213. 
Simonyite.  372. 
Sinter,  Siliceous,  265.  267. 
Sismondinc,  336. 
Sisserkite,  202. 
Skapolith,  r.  Scapolite. 
Skleroklas,  r.  Sartorite. 
Skolezit,  V.  Scolecite. 
Skutterudite,  224. 
Smaltine,  Snialtite,  228. 
Snmragdite,  275. 
Snu'ctiie,  327. 
Smiths* mite,  382. 
Soap8tone,  i)2(i. 
Soda  nitre.  3r)9. 
Sodalite,  295. 
Sommite,  294. 
Sonneustfcin.  p.  Sunstone. 
Spargelstein,  343. 
Spathic  iron,  381. 
Sp.ithi<)]>yrite,  224. 
Spear  Pyritep,  225. 
SpeckHtein,  326  ;  330. 
Spccidar  Iron,  246. 
Speerkies,  225. 
Spessartite,  282. 
Speiskobalt,  223. 
Sphaerosiderite,  381. 
Spha»ro8tilbite,  324. 
Sphalerite,  215. 
Sphene,  313. 
Spiauterite,  220. 
Spinel,  249. 
Spinthere,  313. 
Spodumene,  273. 
Sprodglaaerz,  234. 
Spnidelstein,  383. 
Staff  elite,  r.  Phosphorite. 
Stalactite,  378. 
Stalagmite,  378. 
Stanekite,  393. 
Stannite,  223. 
Staorolite,  Staurotide,  314. 


Steatite,  326. 
Steinkohle,  395. 
Steinmark,  330. 
Steinol,  391. 
Steinsalz,  237. 
Stephanite,  2:^4. 
Sterlingite,  332. 
Stembergite,  218. 
Stibioferrite,  348. 
Stibnit«,  210. 
Stilbite,  324  ;  325. 
Stilpnomelane,  337. 
Stolzite,  362. 
Strahlerz,  352. 
StrahlkioH,  225. 
Strahlstein,  275. 
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Tasmanite,  393. 
Tellur,  Gediegcn,  205. 
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Foliated,  227. 

Grai>hic,  226. 

Native,  205. 
Tellursilber,  216. 
Tellunvismuth,  211. 
Tengerite,  388. 
Teunantite,  234. 
Tenorite,  245. 
Tephroite.  278. 
Tesseralkies,  224. 
Tetradymite,  211. 
Tetrahelrite,  233. 
Thenardite,  3(38. 
Thomsenolite.  243. 
Thomsonite,  320. 
Thorite,  318. 
Thulite,  287. 
Thuringite,  336. 
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Til^  ore,  244. 
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Tin  ore.  Tin  Stone,  253. 
Tin  pyrites,  f.  Stannii;e. 
TinkaJ,  359. 
Titaueisen.  247. 
Titanic  iron.  247. 
Tilanite.  :n3. 
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Tocomalite,  2;J8. 
Topaz,  310. 

False,  264. 
Topazolite,  282. 
Torbanite.  31)0,  393. 
Torbemite,  Torberite,  356. 
Tourmaline,  307. 
Travertine,  378. 
Treraolite,  275. 
Trichite,  110. 
Triclasite,  331. 
Tridjmite,  266. 
Triphylite.  Triphyline,  347. 
Triplite,  347. 
Tripolite,  267. 
Tritomite,  318. 
Trjgerite,  357. 
TroUite,  220. 
Trona,  386. 
Troostite,  279. 
Tscheffkinite,  314. 
Tschermakite,  301. 
Tschermigite,  373. 
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Tungstite,  262. 
Tur^te,  257. 
Tunnalin,  307. 
Tumerite,  346. 
Turquois,  355. 
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TyroUte,  352. 

Ulexite,  359. 
Ullmannitc,  225. 
ITltramarine,  296. 
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Uranite,  356,  367. 
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j  Vesuvianit^.  2N3. 
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I  Villarsite,  318. 
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Mlver,  213. 
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Voltaite,  373. 
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Wad.  261. 
VVajjnerite,  346. 
Walchowite,  393. 
Walpurgite,  Ji57. 
Wapplerito,  349. 
Warringtonite.  374. 
Wansackite,  360. 
Wavcllite,  354. 
Wobsterite,  r.  Aluminite. 
Wehrlite,  211. 
Weissbleierz,  385. 
Weissite,  331. 
Weisspiessglaserz,  262. 
Wemerite,  294. 
Wertheinanite,  374. 
Westauite,  310. 
Wheelerite,  393. 
Wheel-ore,  231. 
WTiewellite,  390. 
WTiitneyite,  213. 
Wlchtine,  Wichtisite,  277. 
Willooxite,  336. 
Willemite,  279. 
Williamsite,  329. 
Wilsouite,  331. 
Winklerite,  350. 
Wlnkworthite,  360. 
Wiserine,  255,  342. 
Wismuth,  Gediegen,  205. 
Wismuthglanz,  210. 
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Wisrauthsi^ath,  31K». 

Witherite,  ;i84. 

Wittichenite,  232. 

Wocheinite,  259. 

Wohlerite,  278. 

Wolfachite,  225. 
I  Wolfram,  361. 

Wolframite,  361. 
'  Wollautonite.  269. 

Wollongongite.  394. 
,  Wood-opal,  267. 
I  Wood  Tin,  253. 

Woodwardite,  375. 

Wcirthite,  310. 

Wulfenite,  3(;2. 

Wiirfelerz,  354. 

Wurtzite,  220. 

Xanthophyllite,  336. 
Xanthosiderite,  259. 
Xenotime,  342. 
Xyloretinite,  393. 

Yenite,  287. 
Yttergranat,  281. 
Ytterspath,  'M2. 
Yttrocerite,  242. 
Yttrotantalite,  339,  340. 
Yttrotitanite,  314. 

Zaratite,  388. 
Zeolite  Section,  320. 
Zepharovichite,  354. 
Zeunerite,  357. 
Ziegelerz,  244. 
Zietrisikite,  392. 
Zinc,  Native.  204. 
ZincWende,  215. 
Zinc  bloom,  r.  Hydrozindte. 
Zinc  ore.  Red,  244. 
Zincite,  244 
Zinkbliitbe,  388. 
Zinkenite,  228. 
Zink8i)ath,  382. 
Zinnerz,  Zinnstein,  253. 
Zinnkies.  223. 
Zinnober,  218. 
Zinnwaldite.  v.  Lepidolite. 
Zippeite,  375. 
Zircon,  282. 
Zoisite,  286. 
Zciblitzite,  329. 
Zonochlorite,  318. 
ZoiTgite,  215. 
Zwieselite,  347. 
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^MUSPRATT.         CHEMISTRY— THEORBTIOAIj,     FRAOnOAIi,     AND 

ANAIjYTIOAI«— as  applied  and  relating  to  the  Arte  and 
Manufactures.     By  Dr.  Sheridan  Muspratt.     2  vols.  8vo, 

doth,  $19,00;  half  russia $35  00 

PERKINS.  AN    ELEMENTARY    MANUAL    OP    QUALTTATIVB 

CHEMXOAIj  ANA^YSia  By  Maurice  Perkins.  12mo, 
cloth. $1  00 

THORPE.  QUANTITATIVE  CHEMICAL  ANALYSIS.     By  T.   E. 

Thorpe,  Prof,  of  Chemistry,  Glasgow.    1  voL  18mo,  plates. 
Cloth $1  "^o 

Prqf,  8.  W.  JohMon  mja  of  this  work  :<—  "  I  know  of  no  other  nnall  book  ol 
anything  like  its  valuo.^ 

••Thia  very  excellent  and  oridnal  work  has  long  been  waited  for  by  scientific 
men.** — Sctentijtc  American, 

DRAWING.  PAINTING  AND  PERSPECTIVE. 

BOUVIER  HANDBOOK  ON  OIL  PAINTING.  Handbook  of  Young 
AND  OTHERS.  Artists  and  Amateurs  in  Oil  Painting;  being  chiefly  a  con- 
demned compilation  from  the  celebrated  Manual  of  Bouyier, 
with  additional  matter  selected  from  the  labors  of  Merriwell, 
Be  Montalbert,  and  other  distinguished  Continental  writers 
on  the  art.  In  7  parts.  Adapted  for  a  Text-Book  in 
Academies  of  both  sexes,  as  well  as  for  self -instruction 
Appended,  a  new  Explanatory  and  Critical  Yocabulaiy.  By 
an  American  Artist.     12mo«  cloth. $2  00 

COE.  PROGRESSIVE  DRAWING  BOOK.      By  Benj.  H.  Coe. 

One  ToL ,  doth $350 

«»  DRAWING  FOR  LITTLE  FOLKS ;  or,  First  Lessons  for 

the  Nursery.    30  drawings.     Neat  cover $0  20 

**  FIRST  STUDIES  IN  DRAWING.     Containing  Elementary 

Exercises,  Drawings  from  Objects,  Animals,  and  Rustic 
Figures.  Complete  in  three  numbers  of  18  studies  each,  in 
neat  covers.     Each $0.20 

"  COTTAGES.  An  Introduction  to  Landscape  Drawing.  Con- 
taining 72  Studies,  Complete  in  four  numbers  of  18  studies 
each,  in  neat  covers.     Each $0.20 

«•  EASY   LESSONS  IN    LANDSCAPE.      Complete  in  four 

numbers  of  10  Studies  each.    In  neat  8vo  cover.    Each,  $0  20 

^  HEADS,  ANIMALS,  AND  FIGURES.    Adapted  to  Pendl 

Drawing.  Complete  in  three  numbers  of  10  Studies  each. 
In  neat  8vo  covers.     Each $0  20 

**  COPY  BOOK,  WITH  INSTRUCTIONS $0  37j 

MAHAN.  INDUSTRIAL  DRAWING.    Comprismg  the  Description  and 

Uses  of  Drawing  Instruments,  tYiQ  Construction  of  Plane 
Figures,  the  Projections  and  Sections  of  Geometrical  Solids, 
Architectural  Elements,  Mechanism,  and  Topogxaj^hica] 
Drawing.  With  remarks  on  the  method  of  Teaching  the 
subject.  For  the  use  of  Academies  and  Common  Schools. 
By  Prof.  D.  H.  Mahan.  1  vol  8vo.  Twenty  steel  plates. 
Full  doth $3  00 

RUSKIN.  THE  ELEMENTS  OF  DRAWING.     In  Three  Letters  to 

Beginners.     By  John  Buskin.     1  vol.  12mo $1  00 

i»  THE  ELEMENTS  OF  PERSPECTIVE.    Arranged  for  the 

use  of  Schools.    By  John  Buskin $1  OG 

SMITH.  A  MANUAL  OF  TOPOGRAPHICAL  DRAWING.    By 

Prof.  R.  S.  Smith.      New  edition  with  additions.      1  vol. 
8vo,  cloth,  plates $2.00 

•     ••  MANUAL  OF  LINEAR  PERSPECTIVE.     Form,  Shade, 

Shadow,  and  Reflection.  By  Prof.  R.  S.  Smith.  1  vol.  8vo, 
plates,  cloth $2  00 

WARREN.  1.  ELEMENTARY  FREE-HAND  GEOMETRICAL  DRAWING. 

A  series  of  progressive  exercises  on  regular  lines  and  forms, 
including  systematic  instruction  in  lettering;  a  training  oi 
the  eye  and  hand  for  all  who  are  learning  to  draw.  12mo, 
cloth,  many  cuts 75  cts. 

DITTO. including />nf/^/^i^//M(rument*, etc.  12mo,d..$l  70 
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ELEMENTABY  WORKS.— Continued. 

WARREN  2.  PLANE  PHOBLEMS  IN  ELEMENTARY  GEOMETRY.    With 

nmnerous  wood-cuts,    12mo,  cluth f  1  20 

8.  DRAFTING  INSTRUMENTS  AND  OPERATIONS.  Con- 
taining  full  information  about  all  tiie  instruments  and 
matei^ds  used  by  the  draftsmen,  with  full  directions  for  thoif 
use.    With  plates  and  wood-outs.    One  vol.  12mo,  cloth,  (1  25 

4.  ELEMENTARY  PROJECTION  DRAWING.  Revised  and  en- 
larged  edition.  In  fiv<B  divisions.  Thin  and  the  last  volume 
are  favorite  text-books,  espedaUj  valuable  to  all  Mechanical 
Artisans,  and  are  particularly  recommended  for  the  use  of  all 
higher  public  and  private  schools.  New  revised  and  enlaiged 
edition,  with  numerous  wood-cuts  and  platea  (1872. )  1 2mo. 
cloth $1  60 

6.  ELEMENTARY  LINEAR  PERSPECTIVE  OF  FORMS  AND 
SIIADOWS.  Part  I.— Primitive  Methods,  with  an  Introduc- 
tion. Part  n. — Derivative  Methods,  with  Notes  on  A^al 
Perspective,  and  many  Practical  Exam  plea-  Numerous  wood- 
cuts.    1  vol  12mo,  cloth. •. $1  00 

n.  HIGHBR  WORKS. 

These  are  designed  principally  for  Schools  of  Eng^ueering  and 
Architecture,  and  for  tiie  members  generally  of  those  professions; 
and  the  first  three  are  also  designed  for  iise  in  those  coUeged  which 
provide  courses  of  study  adapted  to  the  preliminary  general 
training  of  candidates  for  the  scientifio  professions,  as  well  as  for 
those  technical  schools  which  undertake  that  training  themselves. 

1.  DESCRIPTIVE  GEOAIETRY,  OR  GENERAL  PROBLEMS 
OP  ORTHOGRAPHIC  PROJECTIONS.  The  foundation 
course  for  the  subsequent  theoretical  and  practical  works. 
1  vol.  8vo,  24  folding  plates  and  woodcuts $3  50 

a.  GENERAL  PROBLEMS  OP  SHADES  AND  SIIADOWS.     A 

wider  range  of  problems  than  can  elsewhere  be  found  in 

English,  and  the  principles  of  shading.      1  vol.  8vo,  with 

*  numerous  plates.     Cloth. $3  00 

8.  HIGHER  LINEAR  PERSPECTIVE.  Distinguished  by  its  con- 
cise summary  of  various  methods  of  perspective  construction ; 
a  full  set  of  standard  problems,  and  a  carefid  discussion  of 
special  higher  ones.  With  numerous  large  platea  8vo, 
doth. <3  50 

4.  ELEMENTS  OF  MACHINE  CONSTRUCTION  AND  DRAW- 
ING ;  or,  Machine  Drawings.  With  sotfne  elements  of  descrip- 
tive and  rational  cinematics.  A  Text-Book  for  Schools  of 
Civil  and  Mechanical  Engineering,  and  for  the  use  of  Me- 
chanical Establishments,  Artisans,  and  Inventors.  Containing 
the  principles  of  gearings,  screw  propellers,  valve  mptions,  and 
governors,  and  many  standard  and  novel  examples,  niostiy  from 
present  American  practice.  By  S.  Edward  Warren.  2  vols. 
8vo.    1  vol  text  and  cuts,  and  1  vol  laige  plates.  • .   .  (7  50 

BTONE  OUTTINQ.  A  Treatise  on  the  Graphics  and  Practice 
of  Stone  Cutting,  for  Engineers,  Architects,  Masons,  and 
Students.     1  vol.  8vo,  plates |2  50 

A  FEW  FROM  MANY  TESTIMONIALS. 

**  It  seemfl  to  mo  that  your  Works  only  need  a  thorough  examination  to  be  intro* 
daocd  and  pcrmnncntly  uned  in  all  the  Scientific  and  Engineering  Schools.^ 
—Prof.  J.  G.  FOX,  CoUeffiate  and  Enfftruerino  Institute^  yew  York  CUp. 

**I  have  used  several  of  your  Elementary  Works,  and  believe  them  to  be  bettor 
adapted  to  the  purposes  of  instruction  than  any  others  with  which  I  am 
■oqoAinted.''— H.  F.  WALLINQ,  Prcf,  qf  CtvU  and  Topographical  EnQi- 
mm'ing,  LitfayeUe  College  Eaaton^  Pa. 

^  The  author  has  happily  dividod  the  subjects  into  two  great  portions :  the  formef 
embracing  those  processes  and  problems  profier  to  be  taught  to  all  students  is 
Institutions  of  Elementary  Instruction ;  the  latter,  those  suited  to  advanoed 
sbidents  preparing  for  technical  purposes.  The  BlemectAry  BockB  ought  to 
be  used  in  all  High  Sdioola  and  Academies ;  the  Higher  ones  in  Rohocda  ol 
Itehnology.'*— WM.  W.  FOLWBLL,  Prul^gfU  qf  UniMrtttg  qfMJnnmota, 
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DYEING,    &C 

CALVERT.  DYBINO    AND    OAUOO    PRINTING.      By    C.    Calvert. 

Edited  by  Dr.  Stenhouse  and  C.  E.  Groves.  Illustrated  with 
wood  engravings  and  specimens  of  printed  and  dyed  fabrics. 
(Ready  in  October.)     1  vol.  8vo '^S  OQ 

MACFARLANIe.     a  PRAOTIOAL  treatise  on  DTEiNG  AND  OAIilOO- 

PRINTING.  Including  the  latest  Inventions  and  Improve- 
menta.  With  an  AppendLc,  comprising  definitions  of  chemical 
terms,  with  tables  of  Weights,  Measures,  &a  By  an  expe- 
rienced Dyer.  With  a  supplement,  containing  the  most 
recent  discoveries  in  color  chemistiy.  By  Robert  Macfarlono. 
1  vol.  8vo $5  00 

REIMANN  A  TREATISE  ON  THE  MANUFACTURE  OF  ANILINE 

AND  ANILINE  COLORS.    By  M.  Reimann.     To  which 

is  added  the  Report  on  the  Coloring  Matters  derived  from 

Coal  Tar,  as  shown  at  the  French  Ejdiibition,  1807.     By  Dr. 

Hofmann.     Edited  by  Wm.  Crookes.    1  vol.  8vo,  cloth,  $3  50 

**I>r.  ReimAnn's  portion  of  the  Treatise,  written  in  concise  langnngo,  is  profoundly 
practical,  eriving  the  minntost  details  of  the  procenaai  for  obtaininfr  all  the 
more  important  colors,  with  woodcuts  of  apparatus.  Taken  in  conjimctiou 
Mrith  Hof  mann's  Report,  we  have  now  a  oomplete  history  of  Coal  Tar  Dyo*. 
both  theoretical  and  practical." — C/iemi9t  and  DruggUt. 

ENGINEERING. 

AUSTIN  A  PRACTICAL  TREATISE  ON  THE  PREPARATION, 

COMBINATION,  AND  APPLICATION  OP  CALCA- 
REOUS  AND  HYDRAULIC  LIMES  AND  CEMENTS. 

To  which  is  added  mimy  useful  recipes  for  various  scientific, 
mercantile,  and  domestic  purposes.  By  James  G.  Austin. 
1  vol.  13mo $3  00 

COLBURN  LOCOMOTIVE  ENGINEERING  AND  THE  MECHAN- 

ISM  OF  RAILWAYS.  A  Treatise  on  the  Principles  and 
Construction  of  the  Locomotive  Engine,  Railway  Carriages, 
and  Railway  Plant,  with  examples.  Illustrated  by  Sixty-four 
large  engravings  and  two  hundred  and  forty  woodcuts.  By 
Zerah  Colbum.     Complete,   20  parts,   $15.00;    or  2  vols. 

cloth $1C  00 

Or,  half  morocco,  gilt  top $20  00 

DU  BOIS.  ELEMENTS    OF   GRAPHICAL    STATICS,  and  their 

Application  to  Framed  Structures,  etc.  Cranes ;  Bridge, 
Roof,  and  Suspension  Trusses;  Braced  and  Stone  Arches; 
Pivot  and  Draw  Spans ;  Continuous  Girders,  etc  By  A.  J. 
Du  Bois,  C.B.,  Ph.D.  2  vols.  8vo,  1  vol.  text  and  1  vol. 
plates $5  00 

HYDRAULICS  AND  HYDRAULIC  MOTORS.  Trans- 
lated from  Vol.  II.  Weisbach's  Mechanics.  By  Prof.  A. 
Jay  Du  Bois.    1  vol.  8vo,  illustrated. 

««  THEORY    or   STEAM   ENGINE.    Translated  from  Vol. 

II.  Weisbach's  Mechanics.    By  A.  J.  Du  Bois.     1  vol.  8vo, 
illustrated. 


it 


IRON  AND  STEEL,  CALCULATIONS  OF  STRENGTH 
AND  DIMENSIONS  OF.  Translated  from  Prof.  Jacob 
Weyrauth's  Work.  By  Prof.  A.  Jay  Du  Bois.  1  vol.  8vo, 
'illustrated. 

HERSCHEL  A  HANDBOOK  FOR  BRIDGE  ENGINEERS.    By  C. 

Herschol.  In  3  vols.  Each  vol.  complete  in  itself.  VoU  L 
Straight  and  Beam  Bridges.  Vol.  II.  Suspension  and  Arched 
Bridges.  Vol.  III.  Stone  Bridges;  Bridge  Piers  and  their 
Foundations. 

•  MAHAN.  AN  ELEMENTARY  COURSE  OF  CIVIL  ENGINER- 

ING,  for  the  use  of  the  Cadets  of  the  U.  S.  Military  Academy. 
By  D.  H.  Mahan.  1  vol.  8vo,  with  numerous  illustrations, 
and  an  Appendix  and  general  Index.  Edited  by  Prof.  De 
Volson  Wood.     Full  cloth f3  00 
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MAHAN  DESCRIP'i'lVJbl  GEOMETR7,  as  applied  to  the  Drawing  of 

Fortilications  and  Stono  Cutting.  For  the  use  of  tlie 
Cadets  of  the  U.  S.  Military  Academy.  By  Prof.  D.  H. 
Mahan.    1  vol.  8vo.     Plates $1  50 

A  TREATISE  ON  FIELD  FORTIFICATIONS.  Contain- 
ing instructions  on  the  Methods  of  Laying  out,  Construct- 
ing, Defending,  and  Attacking  Entrenchments.  With  the 
General  Outlines,  also,  of  the  Arrangement,  the  Attack, 
and  Defence  of  Permanent  Fortifications.  By  Prof.  D.  H. 
Mahan.  New  edition,  revised  and  enlarged.  1  vol.  8vo, 
full  cloth,  with  plates $3  50 

XSLEMENTS  OF  PERMANENT  FORTIFICATIONS.  By 

Prof.  D.  H.  Mahan.  1  vol.  8vo,  with  numerous  large 
plates.    Bevised  and  edited  by  Col.  J.  B.  Wheeler. .  .$6  50 

» 

MAHAN.  ADVANCED  GUARD,  OUT-POST,  and  Dctacliment  StfVlM 

of  Troops,  with  the  Essential  Pnnciples  of  Strategy  and 
Grand  Tactics.  For  the  use  of  Officers  of  the  3Xilitia  and 
Volunteers.  By  Prof.  D.  IL  Mahan.  New  edition,  with 
laige  additions  and  12  plates.     1  vol  18mo,  cloth $1  50 

MAHAN  MEOHANIOAL     PRINCIPLES     OF     ENGINEERINQ 

&  MOSELY.  AND  ARCHITECTURE.    By  Henry  Mosely,  at  A.,  F.ItS. 

From  lost  London  edition,  wiUi  considerable  additions,  by 
Prof.  D.  H.  Mahan,  LL.D.,  of  the  U.  S.  Military  Academy. 
1  vol  8vo,  700  pages.    With  numerous  cuts.     Cloth. .  .$5  00 

MAHAN  HYDRAULIC  MOTORS,    l^nmslatcd  from  the  French  Conn 

&  BRESSE.  do  Mecanique,  appliquee  par  M.  Bresso.     By  Lieut.  F.  A. 

Mahan,  and  revised  by  Prof.  D.  II.  Slahan.  1  vol.  8vo. 
plates.    New  Edition,  1876 $2  60 

WOOD.  A    TRZ3ATISB    ON    THH    RSSISTANCE    OF    MATS- 

RIALS,  and  an  Appendix  on  the  Preservation  of  Timber. 
By  De  Volson  Wood,  Professor  of  Engineering,  University  of 
Michigan.    1  vol.  8vo,  cloth $:j  0(1 

A  TRZ3ATISH  ON  BRIDGBS.  Designed  as  a  Text-book  and 
for  Practical  Use.  By  De  Volson  Wood.  1  vol.  8vo,  nnmo- 
reus  illustrations,  cloth $3  00 
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'GEOMETRY. 

DESCRIPTIVE  GEOMETRy.  As  applied  to  the  Drawing 
of  Fortifications  and  Stone  Cutting.  By  Prof.  D.  H. 
Mahan.     8vo,  plates,  cloth $1  50 

ELEMENTS  OP  GEOMETRY.  By  G.  M.  Scarlc,  C.  S,  P., 
formerly  Assistant  Professor  V.  S.  Naval  Academy,  Ac. 
8vo,  cloth 

DESCRIPTIVE  GEOMETRY,  OR  GENERAL  PROB- 
LEMS OF  ORTHOGRAPHIC  PROJECTIONS.  1  vol. 
8vo,  '24  folding  plates,  cloth $3  50 

PLANE  PROBLEMS  ON  ELEMENTARY  GEOM- 
ETRY.    12mo 1  25 
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GREEK. 

GREEK  TESTAMENTS,  ETC.  The  Critical  Greek  and 
English  New  Testament  in  Parallel  Olumns,  consisting 
of  the  Greek  Text  of  Scholz,  readings  of  Griosbach,  etc., 

etc.    1  vol.  ISmo,  half  morocco $2  50 

do.  Full  morocco,  gilt  edges 4  50 

With  Lexicon,  by  T.  S.  Green.     Half  bound 4  00 

do.    Full  morocco,  gilt  edges 6  00 

GREEK    AND    ENGLISH  TESTAMENT.     Lexicon  and 
Concordance.     Half  bound $5  00 

Morocco  limp,  SG. 50;    morocco  flaps,  $7.00 ;    mo- 
rocco, projecting  edges,  calf  lined 7  50 
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GREENFIELD 
GREEN 


GREEN 
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•LETTERIS 


LUZZATTO 


BAGSTER'S 
GESENIUS 


*BAGSTER'S. 


THE  ANAIiTTIC All  GREBK  LEXICON  TO  THE  NEW- 
TESTAMENT.  In  which,  by  an  alphabetical  arrange- 
ment, is  found  every  word  in  the  Greek  text  in  every  farm 
in  which  it  appears — that  is  to  say,  every  occurrent  person, 
number,  tense  or  mood  of  verbs,  every  case  and  number 
of  nouns,  pronouns,  &c.,  and  is  placed  in  its  alphabetical 
order,  fully  explained  by  a  careful  grammatical  analysis 
and  referred  to  its  root. 
1  vol.  small  4to,  half  bound, $6  50 

GREEK  TESTAMENT.  By  Griesbach  and  Greenfield. 
32mo.  Half  bound $175 

DITTO.    With  Lexicon.    32mo,  half  bound $2  25 

GREEK  LEXICON.  (Polymicrian).  32mo,  half  bound,  $1  00 

GREEK-ENGLISH   LEXICON   TO    TESTAMENT.      By 

T.  S.  Green.    Half  morocco $1  50 

HEBREW  AND  CHALDEE. 

A  GRAMMAR  OF  THE  HEBREW  LANGUAGE.  With 
copious  Appendixes.  By  W.  H.  Green,  D.D.,  Prof,  in 
Princeton  Theological  Seminary.    1  vol.  8vo,  cloth,   $3  50 

AN  ELEMENTAR7  HEBREW  GRAMMAR.  With 
Tables,  Reading  Exercises,  and  Vocabulary.  By  Prof.  W. 
H.  Green,  D.D.      1  vol.  12mo,  Cloth $1  25 

HEBREW  CHRESTOMATHY ;  or.  Lessons  in  Beading 
and  Writing  Hebrew.  By  Prof.  W.  H.  Green,  D.D.  1  vol. 
8vo,  cloth $2  00 

A  NEW  AND  BEAUTIFUL  EDITION  OP  THE  HE- 
BREW BIBLE.  Revised  and  carefully  examined  by  Myer 
Levi  Letteris.    1  vol.  8vo,  with  Icey,  marble  edges.    $2'  50 

GRAMMAR  OF  THE  BIBLICAL  CHALDAIC  LAN- 
GUAGE AND  THE  TALMUD  BABLI  IDIOMS.      By 

S.   D.   Luzzatto.     Translated  by  Dr.  J.  S.   Goldammer, 
Rabbi.    1  vol.  12mo,  cloth $1  50 

BAGSTER'S    COMPLETE    EDITION    OF  GESENIUS' 

HEBREW    AND    CHALDEE    LEXICON.      In  large, 

clear  and  perfect  type.      Translated  and   edited  with 

additions  and  corrections,  by  S.  P.  Tregelles,  LL.D. 

Small  4to,  half  bound $7  00 

ANALYTICAL  HEBREW  AND  CHALDEE  LEXICON 

With  an  Alphabetical  Arrangement  of  every  Word  in  Old 
Testament,  «fec.,  &o.  By  B.  Davidson.  1  vol.  small  4to, 
half -bound $11.00 

NfiW  POCKET  HEBREW  AND  ENGLISH  LEXICON 

The  arrangement  of  this  Manual  Lexicon  combines  two 
things — the  etymological  order  of  roots  and  the  alphabetical 
order  of  words.  This  arrangement  tends  to  lead  the  learner 
onward;  for,  as  he  becomes  more  at  home  \vith  roots  and 
derivatives,  he  learns  to  turn  at  once  to  the  root,  without  first 
searohing  for  the  particular  word  in  its  alphabetic  order.  1 
vol  18mo,  cloth f;3  00 

**Thia  is  the  moRt  bcautifnl,  and  at  tho  samo  timo  the  mcwt  correct  and  peifect 
Mftiniftl  Hcbretr  Lexiooa  wo  have  over  used.*' — Eclectic  Review, 


BODEMANN. 


CROOKES. 


IRON,  METALLURGY,  Ac. 

A  TREATISE  ON  THE  ASSAYING  OF  LEAD,  SILVER^ 
COPPER,  GOLD,  AND  MERCURY.  By  Bodemann  <Ss 
KerL     Translated  b/  W.  A.  Goodyear.     1  vol.  12mo,  $3  50 

A  PRACTICAL  TREATISE  ON  METALLURGY.  Adap- 
ted  from  the  last  German  edition  of  Prof.  KcrPs  Metalluigy. 
By  William  Crookes  and  Ernst  Bohrig.     In  three  vols,  thick 

8vo.    Price $30  00 

Separately.    Vol.  1.  Lead,  Silver,  Zinc,  Cadmium,  Tin,  Mer- 
cnry,  Bismnth,  Antimony,  Nickel,  Arsenic,  Gold,  Platinum, 

and  Sulphur $10  00 

Vol.  2.  Copper  and  Iron 10  ' 

Vol  3.  Steel,  Fuel,  and  Supplement 10 


II  *OII3r  TULEIT   :;  3C3:'.l  IJST  O?  ?r7>7.rrATT03B. 


OUmAP.  W1LBT9  AaBBRBCAMlBOm  TRADB  MANUAL  oithm 

TMifiiiif  &cn  bdnrtzici  of  the  Ifutcd  SUtcs.  With  a 
deacrpuun  a£  the  BLuc  Fnmnces.  Koilfirg  3I;IU.  Bessemer 
5Cr-»i  'y.irka,  iZncibie  S&eeL  Works.  Oar  Wheel  and  Car 
Wjraca,  L«3ct)nii>ci.Te  Wocka.  Sceazn  Ezurine  and  Machine 
Wiciii*.  Imu  BiTiUy*  W.jrka.  Sc«»ve  Foas«ir:ea.  «$:c.,  givinij 
ah«ir  '.•  ocua  ami  •:aoweicr  of  nnsdact*  Wrh  some  account 
of  Ir^n  •?!:•».  Bj  Thomaa  Donlop.  of  Philadelphia.  1  toI. 
■tea.     Price  oi  sobKcbeza $7  50 

FA.RSAiiM  CAST  ASD  WBOCTGBT  IBOV  FOR  BUmUNGw     Br 

W3L  FiirtjBin.    :sxQ^cbatiL $2  00 

f -^CHCH.  HISICaT  CF  ZBOir  TRASEB^  FBOM  1621  TO  1857.    By 

B.  F.  Frsnca.     :^<i^  eioch. $3  00 

fORKWCCO  CQIXBCTXOir    OF    BEPOBTS    iCONISENSED)    AND 

OFCOCSS  OF  CHEmsrrS  in  RFaAWT>  TO  THX2 
USE  OF  LEAD  FIFE  FOR  SERVICE  PIPE,  in  the 

Discriljiitian  li  Waaer  for  u&e  Sopply  of  CitieiL     By  L  P. 

g-r^crrr-.!.?     T  V        :*VQ,  dudl fl    50 

S^EZEl-US  B:ABI)-B00S  for  CHARCQAIi  burners.  Translati' : 

^^rj.  *hr*  Stv*^::^..-*  '-.v  Pr^-i.  fi.  B.  An»i».'r>«>n,  and  e<iitoU  l»v 
l>  r    W.  J.  L.  NI..*o.i'?aiu:f.   O  £.    1   vol..   12mo.   Plate>. 

vl.  ci.  $1X0 


V<r  -Jl*-^-»  IHO^  A^ro  ^-  ^^i-  STRESTTEH  AND  DIMENSIONS. 

CAIaCXTItAnONS    OF.       Bv    Prtf.    Jact>b    Wryrautl;. 
TrtLn^-ii.'^i  '  V  Fr* .nf.  A    Jir  I»iiBt.*is.    >vo.  PiatesJ. 


^    I 


\uc-  \  s  s 

FTTZCERALD        THE  BOSTON  MACHINIST.     A  comiilete  School  for  the 

Aprrenrice  aoi  Airanced  3IachinisC.  By  W.  Fitzgerald.  1 
TcL  I>rrL«>.  doth $0  75 

HOLLY.  SAW  FILINQw    Th*  Ar«  oc  Saw  Filin-  Scientificany  Treated 

and  Exptaizied.  W  ith  Dirvctaoos  for  patting^  in  order  all  kindf 
of  Saws^  from  a  J«trell«r  s  Sa«r  u>  a  Steam  Saw-miU.  IIIum- 
tnted  br  fortv-f>.-ar  en^rnTiagiL  Thini  edition.  By  H.  W. 
HoJJy.     1  ToL'lSnuxdoth fO  73 


TURNING.  &C.      UlTHE,  TEE,  AND  ITS  USES»  ETC.;  or,  tnstmction  U 

the  Art  cf  Tamin|^  Wood  and  MetaL  Including  a  descrip- 
tion of  the  nic«t  modem  appliances  for  the  ornamentation  of 
plane  and  cnrved  siirfaces^  with  a  description  also  of  au 
entirely  novel  form  of  Z^itW  for  Eccentric  and  Rose  Engine 
Tnminc'.  a  IjKLhe  and  Tnming^  Machine  combined,  and  other 
Talnixh.e  matter  lelatinir  to  the  ArL  1  yoL  8vo,  copiously 
illustrated.      Incluilin^  Supplement     8vo,  cloth $7  00 

••The  mo<  coocpfece  vork  oa  the  «ibj«ct  erer  inibiialicd.** — Amnrtcan  ArtUnn. 

•*  Here  m  an  ir.TalTXAble  book  to  the  pracdcal  vorkaum  and  auLXtcwcy— London 
WeUlff  Ttnu*. 

MANUFACTURES. 

BOOTH.  NEW     AND     COMPLETE     CLOCK     AND     WATCH 

MAKERS'  MANUAI*.  Comprising  descriptions  of  the 
rarioTui  gearings,  escapements,  and  Compensations  now  in 
nnt,  in  French.  Swiss,  and  English  clocks  and  watches.  Patents, 
foolK,  etc. ,  with  directions  for  cleaning  and  repairing.  With 
numerous  engravings.  Compiled  from  the  French,  with  an 
ApfM:ndix  containing  a  Ilistory  of  Clock  and  Watch  Making  in 
America.  By  Mary  L.  Booth.  With  numerous  plates.  1 
vol  12mo,  cloth $3  00 

CELDARD.  HANDBOOK    ON    COTTON    MANUFACTURE;    or,    A 

Guide  to  Machine-Building,  Spinning,  and  Weaving. 
Witli  practical  examples,  all  needful  cal dilations,  and  many 
Ufieful  and  important  tables.  The  whole  intended  to  be  a 
complete  yet  compact  authority  for  the  manufacture  of 
cotton.  By  James  Geldard.  With  steel  engravings.  1  vol. 
1 2mo,  cloth $2  50 
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n 


MAGKUS 


WiLLiS 


WOOD 


BULL. 


FRANCKE 


CREEN 


GREEN 


VON  DUBEN. 


MECHANICS. 

IiESSONS   IK   EIiEICBIiTART   MECHANICS.      Itttfj 
ductorv  to  the  study  of  Physiiuil  Soloiifo.     lu^\iitnui    foi 
the  use  of  Si-hools,  etc.    By  Philip  Mn^nuH.     Willi  Km*  n 
dations  aiid  Prefat-e  by  Prof,   Do  Volsoii  Woo<l.      WIU. 
uumerous   exaiiii»les    and    121    ttoihI  oiiKriLvinKH,    1Kii.'/ 
cloth  *»■'•' 

FRINCIPJLES  OP  MECBAJSnSM.    lh'M^\n^\  for  IIh*   u-' 

of  StudeutJs  in  the  Universitit^  and  for  En^lti<*<>ritiK  ht  ^ 

dents  jrenerally.     By  liol»ert  Willis,  M.D.,  F.U.K.,  I'M-*- 1 

dent  of  the  British' Association  for  the  AdvantvmiMii  «/f 

Science,  Ac.  Ac.    Second  edition,  enlarginl.     1   vol.  m\o. 

cloth JrV  {.«» 

%*lt  <mpht  to  be  in  evt-rv  larirf  Mncblnf  Workshnp  OflltNv  hi  «'*«  •> 
Srh*<i«i  "T  Mf^tianical  Kn{riiit*oriu|;  Ml  lon^n,  aiul  in  ihf  liiiiuti*  nf  t!\<  i  y 
Pr\>It-tev>rof  Mt^dianics,  tc— Pn>r.  8.  EDWAlU)  W.VIUIKN. 

THE   T'T.Tnmi^iN^'W   OF    ANALYTICAL   MEGHANICH. 

With  numerous  examples  and  illustrations.  For  ur-i'  lu 
Scientific  S<-hools  and  ColU^>s,  By  Vrot,  l>o  Vnh^'ii 
Wood.  With  numerous  wootl  engravinps.   S\o,  clolli.  spM  <M» 

PRIKCIPLIS  OF  ELEBffENTART  MECHANICS.  1  ul.) 
illustratinl.     l*2mo,  cloth.     {In pn-iHtraiion,) 

MEDICAU  &e. 

HINTS  TO  MOTHERS  FOR  THE  MANAGEMENT  OC 
HEALTH  DURINO  THE  PERIOD  OF  PUEG- 
NANCY,  AND  IN  THE  LYING-IN  ROOM.  With  an 
exposure  of  popular  errcn  in  connection  with  th*wo  iul>l»»cU. 
By  Thomas  BulL  M,D.     1  vol.  lihno,  cJoth |1  «M) 

OUTLINES  OF  A  NEW  THEORY  OF  DISEASE,  applifvl 
to  Hydropathy,  showing  that  wateT  is  the  only  tnio  nnnmlr. 
With  observations  on  the  errors  committed  in  the  praot.ii*0  of 
Hydropathy,  notes  on  the  cure  of  cholera  by  ci^ld  water,  nn*] 
a  critique  on  Priessnitz's  moilc  of  treatmont^  Intendrtl  fui 
popular  use.  By  the  late  H.  Francke.  lYan:^lnt-e«l  f  ivin  f  Im 
German  by  Robert  Blakie,  ALD,     1  vol.  12mo,  cloth. ,  .|t  fiU 

A  TREATISE  ON  DISEASES  OF  THE  AIR  PASSAGBQ. 

Compri5:ng  an  inquiry  into  the  History,  Patholivy.  (^ntmnN. 
and  Treatment  of  tliose  Affections  of  tlie  Throat  calle^l  Br»m 
chitls  Chronic  Larynptis,  Clergyman*s  Soro  Thnxnt^  etc.. .  i»t« 
By  Horace  Green,  M.  D.  Fourtii  edition,  ro visctl  ami  eulanrotl. 
1  voL  bvo,  cloth, fil  (»») 

A  PRACTICAL  TREATISE  ON  PULMONARY  TUHEH. 
CULOSIS,  embracing  its  HistOTT,  Patholoj:^-,  and  Trent- 
mentw  Bv  Horace  Green,  M.D,  Coloreil  plutoa  I  vol.  Myo 
olotlL 15  UU 

OBSERVATIONS  ON  THE  PATHOLOGY  OF  CHQUP 
With  Bemarks  on  its  Treatment  by  Topical  Medicationa.  \\\ 
Horace  Green,  liLD.     1  vol  Svo,  cloth |i  jjjj 

ON  THE  SURGICAL  TREATMENT  OF  POLYPI  Or 
THE  LARYNX,  AND  CEDEMA  OF  THE  GLOTT18. 

By  Horace  Green,  M.D.     1  vol  8vo ' |i  o.^ 

FAVORITE    PRESCRIPTIONS    OF    LIVING    PRACTl 
TIONERS.     With  a  Toxicological   Table,   exhibit h\|f  ih^y 
Symptoms  of  Poisoning,  the  Antidotes  for  each  PoiiH>n,  aiut 
the  Test  proper  for  their  detection.     By  Horace  Green.     1 
voL  Svo,  cloth ,   ..i^ifM) 

GUSTAF  VON  DUBEN'S  TREATISE  ON  MICRO- 
SCOPICAL DIAGNOSIS.  With  71  engravings.  Tmns- 
lated,  with  additions,  by  Prof.  Louis  Bauer,  M.D.  1  vol.  8vo, 
doth. fl  OO 


12 


JOHN  -WILEY  &  SON  S  LIST  OF  PUBLICATIONS. 


BOURiNF. 


MINERALOGY. 

BRUSH  MANUAL  OF  DETERlillNATIVE  MINERALOGT,  with 

an  Introduction  on  Blow-Pipe  Analysis,  being  the  Deter- 
minative Portion  of  Dana's  Mineralogy.  By  Prof.  Geo. 
J.  Brush.     1  vol.  8vo , $3  00 

DANA  A  SYSTEM  OP  MINERALOOT.  Descriptive  Mineralogy. 

Comprising  the  most  recent  Discoveries.  Fifth  Edition. 
Almost  entirely  re-written  and  greatly  enlarged.  Con- 
taining nearly  900  pages  8vo,  and  upwards  of  GOO  wood 
engravings.    By  Prof.  J.  Dana.    Cloth $10  00 

DANA  &  BRUSH    APPENDIXES  TO   DANA'S   MINERALOGT,  bringing 

the  work  down  to  1875.    8vo $1  00 

DANA  A  TEXT-BOOK  OF  MINERAI.06T.    After  the  plan  of 

and  with  the  cooperation  of  Prof.  Jas.  D.  Dana,  of  Yale 
College.  Embracing  a  full  Treatise  upon  Crj'stallography 
f  and  Physical  Mineralogy,  by  Edward  S.  Dana,  Ph.D., 
Curator  of  Mineralogy,  Yale  College.  With  upwards  of 
800  wood  cute,  and  a  colored  plate.     8vo,  cloth $5  00 

SHIP-BUILDINC,  &c. 
A  TREATISJF:  on  THB  screw  PROPELIiEH,  60RX2W 
VESSELS,  AND  80REW  ENGINES,  bs  adapted  for 
Purposes  of  Peace  and  War.  Jllostrated  by  numerous  wood* 
cuts  and  engravings.  By  John  Bourne.  New  edition.  1867. 
1  voL  4to,  cloth,  $18.00;  half  rossia $24  00 

RANKINE  (W.  J.  M.)  AND  OTHERS.  Ship-Boildlng,  Theo- 
retical and  Practical,  consisting  of  the  Hydraulics  of  Ship> 
Building,  or  Buoyancy,  Stability,  Speed  and  Design — The 
Geometry  of  Ship-Building,  or  Modelling,  Drawing,  and 
Laying  Off — Strength  of  Materials  as  appUed  to  Ship-Buildir^ 
— Practical  Ship-Building — Masts,  Sails,  and  Rigging — Marine 
Steam  Engineering — Ship-Building  for  Purposes  of  War.  By 
Isaao  Watts,  C.B.,  W.  J.  M,  Rankine,  C.B.,  Frederick  K 
Barnes,  James  Robert  Napier,  etc.  Illustrated  with  numerous 
fine  engravings  and  woodcuts.  Complete  in  80  numbers, 
boards,  $35.00;  1  voL  foUo,  cloth,  $37.50;  half  russia,  $40  00 

WILSON  (T.  D.)  SHIP-BUILDINa,  THEORETICAL  AND   PRACTICAL. 

lu  Five  Divisions.  —Division  I.  Naval  Architecture.  II.  Lay- 
ing Down  and  Taking  off  Ships.  III.  Ship-Building  IV. 
Masts  and  Spar  Makhig.  V.  Vocabulary  of  Terms  used — 
intended  as  a  Text-Book  and  for  Practical  Use  in  Public  and 
Private  Ship-Yards.  By  Theo.  D.  Wilscj,  Assistant  Naval 
Constructor,  TJ.  S.  Navy ;  Instructor  of  N#»val  Construction, 
U.  S.  Naval  Academy ;  Member  of  the  Institution  of  Naval 
Architects,  England.  With  numerous  plates,  lithographic 
and  wood.    1  vol.  8vo.  $7  50 

SOAP. 
A  PRACTICAL  TREATISE  ON  THE  MANUFACTURE 
OF  SOAPS.    With  numerous  wood-cuts  and  elaborate  work- 
ing drawings.     By  Campbell  Morfit^  M.D.,  F.C.S.     1  toI. 
8vo $20  00 


\VATTS. 


MORFIl. 


DU  BOIS 
TROWBRIDGE 


«( 


STEAM  ENGINE. 

THEORT  OF  THE  STEAM  ENGINR    Translated    from 
Vol.  II.  Wcisbach's  Mechanics.    By  Prof.  A.J.  DuBois. 

TABLES,    WITH    EXPLANATIONS,    OF    THE    NON- 
CONDENSING    STATIONARY    STEAM    ENGINE, 

ond  of  High-Pressure  Steam  Boilers.  By  Prof.  W.  P. 
Trowbridge,  of  Yale  College  Scientific  School.  1  vol.  4to, 
plates .$2  50 

HEAT  AS  A  SOURCE  OF  POWER :  with  applications  of 
general  principles  to  the  construction  of  Steam  Gene- 
rators. An  introduction  to  the  studv  of  Heat  Engines. 
By  W.  P.  Trowbridge,  Prof.  Sheffield  Scientific  School, 
Yale  College.  Profusely  illustrated.  1  vol.  bvo,  cloth,  $3  50 


JOHN    WILEY    &    BON'S    LIST    OF    PUBLICATIONa  1'^ 

TEXT-BOOKS  for  Use  of  U.   S.    Naval   Academy. 

COOKE.  A  TBXT-BOOK  OF  NAVAL  ORDNANOE  AND  GUN 

NXSRY.  Prepared  for  the  use  of  the  Cadet  Midshipmen  at 
the  Uhited  States  Naval  Academy.  By  A.  P.  Cooke,  Com. 
U.  S.  N.  One  thick  Tolnme,  illustrated  by  about  400  fine 
cuts.     Cloth $12.50 

RICF  &  JOHNSON.     SI^EMSNTS  OF  THB  DIFFERENTIAIi  CALCULUS, 

founded  on  the  Method  of  Bates  or  Fluxions.    8yo. 

WILSON.  SHIF-BUILDINa,  THEORX3TICAL  AND  PRACTICAL. 

By  T.  D.  Wilson.     (See  page  15. )    8vo,  cloth $7. 50 

TURNING,  &c. 

THE  LATHE,        AND  ITS  USBS,  ETC.    On  Instructions  in  the  Art  of  Tummg 

Wood  and  MetaL  Including  a  description  of  the  most  modem 
appliances  for  the  ornamentation  of  plane  and  curved  surf aoec 
With  a  description,  also,  of  an  entirely  novel  form  of  Lathe 
for  Eccentric  and  Itose  Engine  Turning,  a  Lathe  and  Turning 
Machine  combined,  and  other  valuable  matter  relating  to  the 
Art    1  voL  8vo,  copiously  illustrated,  cloth $7  00 

«•  SX7PPLZ2MIINT  AND  INDUX  TO  SAMB.    Paper. .  .|0  90 

VENTILATION. 

LEEDS  (L.  W  J.     A  TRXSATISB  ON  VBI^TTILATION.    Comprising  Seven  Leo^ 

tures  delivered  before  the  Franklin  Institute,  showing  the 
great  want  of  improved  methods  of  Ventilation  in  our  build- 
ings, giving  the  chemical  and  physiological  process  of  res- 
piration, comparing  the  effects  of  the  variouB  methods  of 
heating  and  lighting  upon  the  ventilation,  &c.  Illustrated 
by  many  plans  of  all  classes  of  public  and  private  buildings, 
showing  their  present  defects,  and  the  best  means  of  im- 
proving them.  By  Lewis  W.  Leeds.  1  vol.  8vo,  with  nu- 
merous wood-cuts  and  colored  plates.     Cloth $2  50 

**  It  ought  to  be  in  the  hands  of  OTenr  funlly  In  the  ooontry.^ — TecAnologiaL 
**Kothteg  could  be  clearer  than  the  anthor^s  exposition  of  the  principlen  of  th% 
principles  and  practice  of  both  good  and  bad  ventilation."—  Vcui  Ko»tr:iftWs 
Engineering  MagaUne. 

"The  work  is  every  way  worthy  of  the  widest  circulation/* — SdentUlc  American^ 

REID.  VENTILATION  IN  AMERICAN  DWELLINGS.    With  a 

series  of  diagrams  presenting  examples  in  different  classee 
of  habitations.  By  David  Boswell  Beid,  M.D.  To  which  i< 
added  an  introductory  outline  of  the  progress  of  improvement 
in  ventilation.     By  Elisha  Harris,  M.D.    1  voL  12mo,  $1  &i 

J.  W.  &  SONS  are  Agents  for  and  keep  in  stock 

8ASSUSL  BAG8TER  &  SONS'  PUBLICATIONS, 

LONDON  TRACT  SOCIETY  PUBLICATIONS, 

MXTRRAT'S  TRAVELLER'S  QUIDES, 

WEALE'S  SOIENTIFIO  SERIBFl 

FuU  Catd!ogtie$  gratit  an  application. 


J.  W.  &  SONS  import  to  order,  for  the  TBADE  AND  PUBLin. 

BOOKS,    I>Ii;RI03DICA.I.S,    ifeo., 

FROM 

.  •»♦  JOHN  WILEY  «fc  SONS'  Complete  Classified  Catalogues  of  the  most 
valuable  uid  latest  scientific  publications.  Parts  I.  and  II.,  8vo,  mailed  to  order 
on  the  receipt  of  10  cts. 
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RUSKIN 
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M 
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RUSKIN 


RUSKIN'S    WORKS. 

(/t^form  in  »tu  and  itj/le, 

MODERN  PAINTERa  5  vols,  tintod  paper.  bcxeUed  t^xu^, 
plates,  in  box fl 8  00 

MODERN  FAINTERa    5  vols,  half  calf 27  00 

*'  "  "      without  plates 12  00 

•*  '*                    "                 "        half  calf,   20  00 

Vol.  1.— Part  1.  General  Principles.     Part  2.  Truth. 

Vol.  2.— Part  3.  Of  Ideas  of  Beauty. 

Vol.  3.— Part  4.  Of  Many  Things. 

Vol.  4. — Part  5.  Of  Mountain  Bsauty. 

Vol.  5.— Part  (J.  Leaf  Beauty.  Part  7.  Of  Cloud  Beauty.  Part 
8.  Ideas  of  Relation  of  Invention,  FormaL  Part  9.  Ideas  of 
llelation  of  Invention,  Spiritual. 

STONES  OF  VENICE.  3  vols.,  on  tinted  paper,  bevelled 
boards,  in  box $7  00 

STONES  OF  VENICE.  3  vols.,  on  tinted  paper,  half 
calf. $12  00 

STONES  OF  VENICE.    3  vols.,  cloth 7  00 

Vol.  1. — The  Foundations. 
Vol.  2.— The  Sea  Stories. 
Vol.  3.— The  FaU. 

SEVEN  LAMPS  OF  ARCHITECTURE.  With  Ulustrationa, 
drawn  and  etched  by  the  authors.     1  voL  12mo,  cloth,  $1  75 

LECTURES   ON    ARCHITECTURE   AND    PAINTING. 

With   illustrations  drawn   by   the   author.      1    voL    12mo, 
cloth $1  50 

THE  TWO  PATHS.  Being  Lectures  on  Art.  and  ita  Appli- 
cation to  Decoration  and  Mimufacturc.  W^ith  plates  and 
cuts.     1  vol.  12mo,  cloth $1  2o 

THE  ELEMENTS  OF  DRAWING.  In  Three  Lettdis  to 
Beginners.  With  illustrations  drawn  by  the  author.  1  vol 
12mo,  cloth $  1  00 

THE  ELEMENTS  OF  PERSPECTIVE.  Arranged  for  the 
use  of  Schools.     1  vol.  12mo,  cloth. $1  00 

THE  POLITICAL  ECONOMY  OF  ART.  1  voL  12ino, 
cloth $1  00 

PRE-RAPHAELITISM. 


NOTES   ON    THE    CONSTRUCTION   OF 
SHEEPFOLDa 


1    vol.    12ZD0, 
cloth,  $1  00 


KING  OF  THE  GOLDEN  RIVER;  or,  The 
Black  Brothers.    A  Log^end  of  Stiria. 

SESAME  AND  LILIES.  Three  Lectures  on  r*ook8.  Women, 
tSc.  1.  Of  Kiiijjs*  Treasuries.  2.  Of  Queens'  Gardens.  3. 
Of  tLc  3Iyst<iry  of  Life.     1  vol.  12ino,  cloth $1  50 

AN  INQUIRY  INTO  SOME  OF  THE  CONDITIONS  AT 
PRESENT  AFFECTING  "THE  STUDY  OF  AR- 
CHITECTURE" IN  OUR  SCHOOLS.  1  vol.  12mo, 
paper. jfO  15 

THE  ETHICS  OF  THE  DUST.  Ten  Lectures  to  Little 
Ilousewivea,  on  the  Elements  of  Crystallization.  1  vol 
12mo,  cloth. $1  25 

"  UNTO  THIS  LAST."  Four  Essays  on  the  First  Principles  of 
Political  Economy.     1  vol.  12mo,  cloth $1  00 


INDEX 


545 


Speech,  power  of,  4,  58,  60,  139,  140 
Spiennes,  127,  128,  495 
Spy,  162,  214,  244,  24s,  3",  3141 331;  man, 
7,  181,  214,  218^220,  226,  228,  229,  231- 

233i  235-2371  244,  256,  257,  490 

Squirrel,  447, 498;  see  Sciurus  vulgaris 

Stag,  43, 44, 95, 106, 119, 187,  201,  202,  264, 
265,  288, 333, 364, 367, 370, 372, 40s,  436, 
429, 456, 461, 463, 468, 469, 481, 488, 497, 
498;  see  Cenms  daphus  and  Deer,  red 

SUgodon,  76,  134 

Strassberg,  435 

Stratification  of  Castillo,  164;  Enfants, 
Grotte  des,  265;  Heidelberg,  97;  Made- 
leine, La,  385;  Mas  d'Azil,  461;  Ofnet, 
476;  Piltdown,  133;  Placard,  333-334; 
Saint  Acheul,  122,  123,  150;  Schweizers- 
bild,  447;  Stigenstein,  202 

Subsidence,  see  Continental  outline 

Surcau,  Trou  du,  435 

Sus,  arvemensisj  63;  scrofa,  71;  scrofa 
ferusy  147, 165, 368, 469;  scrofa  palustris, 
499;  see  Boar 

Suslik,  206,  289,  447;  see  SpertnopkUus 
rufescens 


Tuc  d*Audoubert,  32,  395,  396,  406,  427- 

43I1  435 
Tundra,  see  Climate,  glacial;  see  Fauna 
Turbarian,  Lower,  361;  Upper,  363 


Upper  drift,  191 

Upper  Rodent  Layer,  see  Rodent  Layers 

Urochs,  Aurochs,  see  Bos  primigenius  and 
Cattle 

Ursusy  ardos,  102, 147,  211,  469;  arvemen- 
sis,6Sfg4tio2;  deningeriy  102;  spd(BuSy4S9 
183,  2ZO,  2ZZ,  369;  see  Bear  and  Cave- 
bear 


Vache,  Grotte  de  la,  435,  437,  471 
Valle,  435,  466,  471,  474 
Venosa,  167 
Villejuif,  30,  167,  176 
Volgu,  331,  339,  345 
Vdlklinshofen,  284,  314 
Vulpcs,  469;  see  Fox 


Tables,  see  Lists 

Tardenoisian,  see  Azilian-Tardenoisian 

Tasmanian   compared  with   Neanderthal, 

232,  233;  see  Neanderthal 
Taubach,  119,  167,  214 
Tectiforms,  283,  284,  403,  404 
Terraces,  see  River-drifts 
Teutonic  race,  458,  486,  488,  499-501 
Te>'jat,  388,  394,  396,  435;    see  Maine, 

Grotte  de  la,  and  Abri  M^ 
Thiede,  314 

Third  Glacial  Stage,  see  Glacial  Epoch 
Third  Intcrglacial  Stage,  sec  Glacisil  Epoch 
Throwing  stone,  see  Pierre  de  jet 
Thumb,  opposable,  55,  58,  60,  240 
Tibia,  shin-bone  237-239,  241,  266,  298 
Tilloux,  109,  149,  152,  167 
Torralba,  109,  126,  149,  152 
Tourasse,  La,  471,  486 
Trilobite,  Grotte  du,  314, 324, 3a6, 331, 340, 

341,  344,  347,  440 
Trinil  race,  see  Pithecanthropus 
Trogontherium,  45, 69, 94;  see  Beaver,  giant 


Warm  fauna,  see  Faune  chaude 

Weimar,  167 

Wierschowie,  245,  248,  331 

Wildcat,  Fdis  catus,  43,  63,  95,  287,  498 

Wildhaus,  314,  435 

Wildkirchli,  200,  201,  245,  247,  256 

Wildscheuer,  286,  314,  370,  435,  442,  444 

Willendorf,  30,  279,  311-315,  322,  395 

Winterlingen,  435 

Wisent,  see  Bison 

Wolf,  43,  44,  71,  95,  147,  165,  187,  206, 

264,  265,  287,  288,  333,  343,  348,  356, 

366,  441,  447,  468,  498;  see  Canis  suessi 

and  Cyon  alpinus  fossUis 
Wolvercote,  167 
Wolverene,  glutton,  44,  46,  71,  193,  287, 

289,  348,  370,  447,  468,  49S;  sec  Gido 

luscus 
WUrm,  see  Glacial  Epoch 
Wiiste  Scheuer,  471 


Zonhoven,  471,  474 
Zuffenhausen,  314 
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